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ABSTRACT 


This  document  was  an  evaluation  of  a  specific  methodology  (see 
Appendix  F)  for  attempting  to  predict  performance  of  Ordnance  self- 
propelled  vehicles  in  selected  world  environments  using  presently  avail¬ 
able  vehicle  test  data  and  world  geographical  data  as  inputs.  Vehicles 
selected  for  evaluation  were;  tank,  90mm  gun,  full-tracked,  M48; 
carrier,  personnel,  armored,  full- tracked.  Ml  13;  truck,  cargo,  2-1/Z- 
ton,  M35;  and  carrier,  light  weapons,  infantry,  4X4,  M274.  The  South 
Asian  desert  was  the  geographical  area  used  in  the  evaluation. 

General  performance  limits  of  a  vehicle  can  be  plotted  for  a  given 
area.  However,  the  degree  of  reliability  of  these  plots  is  severely  limited 
by  the  lack  of  definitive  data  relating  vehicle  performance  to  precise  soil 
and  terrain  definitions.  Suggestions  were  given  for  improving  the  system. 
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A.  Statement  of  the  Problem 


The  U.  S.  Army  has  long  desired  the  ability  to  predict  the  performance 
capabilities  of  its  equipment  at  any  specified  point  of  the  world-  This  need 
has  been  particularly  acute  in  areas  of  severe  environmental  extremes. 

Presently,  Army  regulations  define  the  design  requirements  of  all 
equipment;  and  to  determine  whether  any  item  can  meet  these  design  require¬ 
ments,  it  is  tested  under  a  variety  of  severe  terrain  and  atmospheric  condi¬ 
tions.  The  results  of  these  tests  are  utilized  to  make  general  extrapolations 
of  how  the  item  would  perform  in  a  generalized  area  of  the  world  during 
any  specified  month  or  season.  Over  the  years,  there  have  been  attempts 
to  provide  aids  that  would  improve  the  quality  of  these  extrapolations.  For 
example,  the  Ordnance  Corps  Envanal  program  has  endeavored  to  reduce 
the  test  results  into  a  simplified  presentation  of  the  essential  test  data,  as 
affected  by  terrain  or  environmental  conditions.  At  the  same  time,  the 
U.  S.  Army  Quartermaster  Corps  and  the  U.  S.  Army  Corps  of  Engineers 
have  been  conducting  studies  designed  to  present  the  degree  of  terrain  and 
climatic  analogy  between  the  test  sites  and  other  points  of  the  world. 

The  problem  arises  as  to  the  reliability  of  equipment  performance 
extrapolations,  based  upon  the  test  results  and  the  environmental  analogs. 

Can  these  data  provide  satisfactory  answers,  and  if  not,  what  changes 
should  be  made  to  improve  the  response  quality  of  performance  predictions? 

It  is  the  purpose  of  this  study  to  examine  equipment  environmental 
test  reports  and  attempt  to  predict  that  equipment's  performance  capabilities 
as  described  by  Envanal  charts  in  a  different  world  environment,  utilizing 
climatic  and  terrain  analogs  developed  by  the  U.  S.  Army  Quartermaster 
Corps  and  the  U.  S.  Army  Corps  of  Engineers. 


Importance  of  the  Studv 


World  War  II  and  subsequent  events  changed  the  defense  strategy 
of  the  United  States  from  an  intraterritorial  concept  to  an  international 
concept.  As  a  result,  U.  S.  military  forces  must  be  prepared  to  fight, 
at  a  moment's  notice,  in  any  world  environment.  This  shift  in  strategic 
concept  has  tremendously  increased  the  burden  of  Army  Staff  in  selecting 
the  optimum  equipment  for  a  given  tactical  mission  in  a  defined  world 
environment.  The  burden  is  also  felt  in  the  area  of  logistics  and  supply. 
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It  is  natural,  then,  for  continuing  effort  to  be  expended  in  attempting 
to  extend,  for  predictive  purposes,  the  results  of  equipment  tests  at  selected 
test  sites  to  anticipated  performance  capabilities  at  another  point  where 
similar  or  perhaps  other  environmental  conditions  exist. 

This  study  is  an  evaluation  of  data  that  presently  exist,  using  a 
specific  methodology.  Its  purpose  is  to  highlight  areas  where  further 
improvement  could  be  realized  in  the  collecting  of  data  at  either  the  test 
site  or  in  describing  the  world  environment,  or  both.  And  therein  lies 
the  importance  of  the  study:  by  attempting  to  improve  upon  the  cross-link 
between  the  two  data  gathering  systems,  it  will  serve  as  a  basis  for  redirect¬ 
ing  research  effort  toward  increasing  equipment  performance-prediction 
capabilities  under  any  given  set  of  world  conditions. 

C.  Method  of  Approach 

At  the  outset,  it  was  decided  that  the  program  was  to  be  only  an 
evaluation  of  methodology  (see  Appendix  F);  thus,  it  was  important  to 
select  for  study  an  area  of  the  world  upon  which  a  complete  set  of  atmos¬ 
pheric  and  terrain  analogs  had  been  prepared.  Too,  only  representative 
types  of  Ordnance  self-propelled  equipment  would  need  be  considered, 
with  the  requirement,  of  course,  that  these  vehicles  had  been  subjected 
to  extensive  testing  under  conditions  or  in  areas  included  in  the  available 
analogs . 

The  South  Central  Asian  desert  was  selected  as  the  geographical 
area  of  study  because  (1)  it  has  been  compared  by  the  analog  technique 
with  Yuma  Test  Station  in  both  the  atmospheric  and  terrain  environments, 
and  (2)  there  is  a  strong  possibility  the  U.  S.  Army  Transportation  Corps 
will  conduct  a  cross-country  operation  through  the  area  in  the  summer, 

1963  (Operation  Desert  Rat).^<^'  The  Transportation  Corps  expedition  would 
provide  an  ideal  means  of  verifying  the  conclusions  and  recommendations 
of  this  study. 

The  vehicles  selected  for  evaluation  were: 

(1)  Tank,  90mm  gun,  full-tracked,  M48 

(2)  Carrier,  personnel,  armored,  full-tracked.  Ml  13 

(3)  Truck,  cargo, 2-1/2  ton,  6X6,  M35 

(4)  Carrier,  light  weapons,  infantry,  4X4,  M274 

The  M48  tank  was  chosen  to  represent  the  heavy,  track-laying 
vehicles;  the  Ml  13  personnel  carrier  was  to  represent  the  light  track-laying 


U.  S.  Army  Transportation  Board  Environmental  Operations  Program, 
Appendix  "C".  Minutes  of  Panel  on  Environmental  Research,  Army 
Committee  on  Environment.  Meeting  No.  24,  29-30  August,  1961, 

Fort  Eustis,  Virginia 
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vehicles;  the  M35  cargo  truck  was  to  be  representative  of  the  high-speed, 
wheeled  transport  vehicles;  and  the  M274  light  weapons  carrier  was  chosen 
to  represent  the  small,  low-ground-pressure  wheeled  vehicles. 

With  the  geographical  area  chosen  and  the  vehicles  selected,  the 
study  proceeded  as  follows: 

(1)  evaluation  of  atmospheric  data  of  the  South  Asian  desert 

and  expression  of  these  data  in  a  form  permitting  correlation 
with  vehicle  performance,  based  upon  test  results  at  Yuma 
Test  Station; 

(2)  analysis  of  terrain  data  on  the  South  Asian  desert  and  expression 
of  these  data  in  a  form  permitting  correlation  with  vehicle 
mobility,  based  upon  test  results  at  Yuma  Test  Station; 

(3)  plotting  by  graphic  methods  the  vehicle  performance  capabilities 
as  affected  by  the  atmospheric  and  terrain  environments  of  the 
South  Asian  desert;  and 

(4)  discussing  some  conclusions  of  the  study  and  presenting 
recommendations  on  improving  the  value  and  reliability  of  the 
system. 
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II.  ATMOSPHERIC  ANALOGS 


The  purpose  of  this  chapter  is  (1)  to  discuss  the  atmospheric  data 
contained  in  equipment  test  reports,  (2)  evaluate  the  atmospheric  data 
available  on  the  South  Asian  desert,  and  (3)  finally,  to  make  a  correlation 
of  these  data  in  a  manner  that  is  meaningful  to  prediction  of  equipment 
performance  in  the  South  Asian  desert. 

A.  Atmospheric  Data  Contained  in  Equipment  Test  Reports 


In  the  equipment  reports  examined,  atmospheric  data  were  found  in 
two  sections.  The  first  was  data  recorded  at  the  vehicle  during  a  test 
evaluation.  Generally,  these  data  were  confined  to  ambient  temperatures, 
wind  speed  and  direction,  and  occasionally  ground  temperatures. 

The  second  type  of  atmospheric  data  was  a  "Summary  of  Weather 
Data,  "  which  condensed  the  readings  for  the  entire  summer  in  varying 
forms.  A  typical  summary  covered  the  entire  test  period  and  contained 
the  following: 

(1)  Temperatures 

(a)  Ambient 

(i)  Average  daily  mean  (by  month) 

(ii)  Average  daily  maximum  (by  month) 

(iii)  Average  daily  minimum  (by  month) 

(iv)  Number  of  days  with  maximum  over  100  ®F  (by  month) 

(v)  Number  of  days  with  maximum  over  105 ®F  (by  month) 

(vi)  Number  of  days  with  maximum  over  110*F  (by  month) 

(vii)  Maximum  for  period 

(b)  Surface  Temperatures 

(i)  Number  of  days  with  maximum  over  130®F  (by  month) 

(ii)  Number  of  days  with  maximum  over  140®F  (by  month) 

(iii)  Maximum  for  period 

(2)  Wind 

(a)  Direction  -  average  (by  month) 

(b)  Velocity  ~  average  (by  month) 
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(3)  Cloud  Cover 

(4)  Solar  Radiation 

(a)  Total  for  month  (gm  cal/sq  cm) 

(b)  Maximum  hourly  rate  by  month  (gm  cal  /sq  cm) 

(5)  Rainfall,  inches  by  month 

(6)  Comparison  with  U.  S.  Weather  Bureau  Station,  Yuma, 
Arizona 

(a)  Mean  temperature 

(b)  Cloud  cover 

(c)  Rainfall 

B.  Atmospheric  Data  Available  in  the  South  Asian  Desert 
1,  Analogs  of  Yuma  Climate 


The  main  source  of  atmospheric  data  was  contained  in  the 
report  Analogs  of  Yuma  Climate  in  the  South  Asian  Desert.  The  study 
included  ten  analogies  (maps)  between  the  Yuma  climate  and  the  South 
Asian  desert  as  follows- 

(1)  Mean  temperature,  warmest  month 

(2)  Mean  daily  maximum  temperature,  warmest  month 

(3)  Absolute,  maximum  temperature 

(4)  Mean  daily  temperature  range,  warmest  month 

(5)  Mean  temperature,  coldest  month 

(6)  Mean  daily  minimum  temperature,  coldest  month 

(7)  Mean  annual  precipitation 

(8)  Mean  dew  point,  highest  month 

(9)  Mean  cloudiness,  July 

(10)  P  revailing  wind  direction  and  mean  velocity, 

July 

Evaluation  of  these  types  of  analogs  were,  as  mentioned  in 
the  Introduction,  one  of  the  primary  objectives  of  this  study.  In  this  regard. 


(2)  Robison,  Wm,  C.  ,  and  Arthur  V.  Dodd,  Analogs  of  Yuma  Climate  in 

South  Central  Asia  (India,  Pakistan,  Afghanistan,  Iran),  HqQM  Research 
&  Development  Command,  QM  Research  &c  Development  Center,  U  S 
Army,  Natick,  Mass.,  7 - 83 - 03 -008A ,  June  1955. 
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it  was  apparent  at  an  early  stage  that  only  three  of  the  ten  analogs  would 
be  appropriate  for  use  in  making  equipment  prediction  evaluations-  The 
primary  reason  was  that  it  was  impossible  to  relate  the  effect  of  any  of 
the  other  seven  upon  vehicle  performance,  as  revealed  in  the  equipment 
test  reports.  The  analog  data  finally  utilized  were: 

(1)  Mean  temperature,  warmest  month 

(Z)  Mean  daily  maximum  temperature,  warmest  month 

(3)  Absolute  maximum  temperature 

Despite  the  fact  that  only  a  limited  portion  of  the  analog  data 
was  directly  translatable  to  this  study,  the  Quartermaster  Corps  report 
indicated  the  degree  of  atmospheric  analogy  that  existed  between  Yuma 
and  the  South  Asian  desert.  This  information  would  be  helpful  in  predict- 
ing  performance  if  it  were  known  that  a  piece  of  equipment  would  absolutely 
perform  satisfactorily  in  the  Yuma  (or  similar)  climate,  and  vice  versa. 
The  areas  of  the  Yuma-South  Asian  desert  analogy  are  as  follows: 

(1)  Extensive  areas  of  South  Central  Asia  have  summer 
temperatures  analogous  to  Yuma.  Only  in  the 
extremely  hot  Indus  Valley  of  Pakistan  and  the 
interior  basins  of  Iran,  and  in  the  perennially  cool 
mountains  of  Kashmir,  Afghanistan,  and  northern 
Iran  are  summer  temperatures  appreciably  differ¬ 
ent  from  those  at  Yuma. 

(Z)  Mean  annual  precipitation  falls  within  some  degree  of 
analogy  over  most  of  the  area. 

(3)  The  combined  areas  of  analogy  and  semianalogy  for 
mean  July  cloudiness  are  approximately  the  same  as 
for  mean  annual  precipitation. 

(4)  Mean  July  wind  speeds  are  analogous  or  semi- 
analogous  at  most  of  the  stations  for  which  values 
are  available,  being  too  high  only  at  some  of  the 
coastal  stations  and  in  the  vicinity  of  the  Seistan 
Basin  near  the  center  of  the  region. 

(5)  Summer  dew  points  are  analogous  in  a  comparatively 
narrow  band  between  the  humid  regions  that  are 
subject  to  maritime  influence,  and  the  dry  highland 
regions  of  Kashmir,  Afghanistan,  and  Iran. 
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(6)  The  greatest  coincidence  of  analogy  of  combined 
climatic  elements  is  in  western  Baluchistan,  as 
shown  by  the  records  of  Panjgur;  a  similar  area 
of  nearly  total  analogy  is  found  in  the  Indus  River 
Valley  of  West  Pakistan  in  the  vicinity  of  Bahawalpur. 

The  Quartermaster  Corps  report  also  pointed  out  certain  other  limitations 
that  exist  when  dealing  with  comparisons  between  the  atmospheric  environ¬ 
ment  of  South  Central  Asia  and  Yuma: 

(1)  There  is  a  lack  of  quantitative  data  for  large  parts  of 
the  study  region,  especially  in  some  of  the  more  arid 
portions  where  conditions  are  most  likely  to  be 
analogous  to  Yuma 

{Z)  Significant  data  of  some  types  are  not  available  for 
most  of  South  Central  Asia  Solar  radiation,  dust 
count,  visibility,  gust  velocity,  type  of  cloud,  rate 
of  corrosion,  and  frequency  of  sand  and  dust  storms 
are  among  the  factors  omitted 

(3)  Data  are  sometimes  not  given  in  a  consistent  form. 

Period  of  record,  hours  of  observation,  and  method  of 
recording  data  are  several  of  the  discrepancies  that 
were  noted 

2.  Latitude- Longitude  Temperature  Estimates 


Additional  data  were  obtained  from  the  Quartermaster  Corps 
and  included  latitude- longitude  temperature  estimates  for  the  country  of 
Iran  At  each  degree  of  latitude- longitude  intersection,  estimates  of  the 
following  data  have  been  made  for  the  month  of  July 

(1)  Mean  daily  temperature 

(Z)  Mean  daily  maximum  temperature 

(3)  Absolute  maximum  temperature 

(4)  Mean  daily  minimum  temperature 

(5)  Absolute  minimum  temperature 

In  addition,  the  lapse  rate  of  mean  temperature  was  obtained 
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C.  Correlation  of  Test  Data  with  South  Asian  Desert  Data 


In  attempting  to  correlate  the  equipment  test  data  with  that  obtained 
on  the  South  Asian  desert,  it  was  found  that  only  temperature  information 
was  consistently  recorded  in  both  places.  Therefore,  all  further  effort 
was  directed  toward  obtaining-  or  estimating*  significant  temperature  data. 
For  each  station,  the  following  information  was  considered  significant; 

(1)  Absolute  maximum  temperature,  warmest  month  (T  _  ) 

(Z)  Mean  daily  maximum  temperature,  warmest  month  i^Yndm) 

(3)  Mean  daily  temperature,  warmest  month  (Tx) 

At  points  where  an  estimate  for  any  of  the  above  were  made,  the  following 
equations  were  assumed 

Interior  Areas  Coastal  Areas 


(1) 

T 

‘^max 

Tj  =  3a 

T 

*max 

Tx  = 

3(r 

(2) 

T 

mdm 

T-  =  1  5a 

T 

mdm 

Tx  = 

1  5  So* 

Therefore,  with  any  of  the  two  temperatures  known,  the  third 
could  be  easily  calculated 


The  J cr )  vaLicn  of  Hie  above  formulae  was  obtained  experimentally 
by  examination  of  data  of  those  reporting  stations  from  which  all  three 
temperature  points  were  known  Figure  1  shows  the  temperatures  used 
in  the  study  The  highest  reading  is  the  absolute  maximum  temperature 
(Tj^2ix)»  middle  recording  is  the  mean  daily  maximum  temperature 
(Tmdm^*  the  lowest  reading  is  the  mean  daily  temperature  <  T^) 

D.  Development  of  Temperature  Frequency  Distribution  Curves 


Since  all  equipment  tests  attempted  to  determine  the  specific  tem¬ 
perature  at  which  performance  requirements  were  exceeded,  it  was 
necessary  to  develop  a  prediction  system  from  which  the  frequency  of 
occurrence  of  any  desired  temperature  could  be  determined  Too,  it  was 
necessary  to  make  this  prediction  of  temperature  occurrence  with  only 
three  points  given  absolute  maximum  temperature,  mean  daily  maximum 
temperature,  and  mean  daily  temperature 


FIGURE  I.  ABSOLUTE  MAXIMUM  TEMPERATURES,  MEAN  DAILY 
TEMPERATURES  FOR  SELECTED  POINTS  IN  SOUTH 


IIPERATURES,  MEAN  DAILY  MAXIMUM  TEMPERATURES,  AND  MEAN  DAILY 
.ECTED  POINTS  IN  SOUTH  ASIAN  DESERT,  WARMEST  MONTH  (JULY) 
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Experience  has  shown  that  not  all  temperature  distributions  will 
follow  a  normal  distribution.  Lackey(^)  recognized  the  limited  application 
of  the  normal  type  distribution  and  suggested  the  use  of  a  normalized  tem¬ 
perature  in  conjunction  with  an  empirical  nomograph  for  obtaining  the 
frequency  distribution.  His  chart  was  applicable  to  any  month  and  any 
location  between  1Z"N  and  70  °N  latitude.  The  distribution  curves  obtained 
were  not  reduced  to  any  mathematical  forms.  And,  too,  it  was  required 
that  absolute  maximum  temperature,  mean  daily  temperature,  and  absolute 
minimum  temperature  be  known  to  utilize  the  nomograph.  Since  the  absolute 
minimum  temperature  was  not  available,  it  was  not  possible  to  utilize  the 
Lackey  system  in  the  study. 

As  an  experimental  effort  to  obtain  a  relationship  which  would  more 
closely  approximate  the  distribution,  the  following  cities  were  selected  at 
random;  Bengasi  and  Tripoli,  Libya;  Badajoz,  Spain;  Ashkharad,  USSR; 

El  Paso,  Texas;  Fresno,  California;  Phoenix  and  Yuma,  Arizona.  All 
stations  were  in  desert  areas  and  were  located  in  the  same  approximate 
latitudes  as  the  South  Asian  desert.  The  actual  distribution  of  tempera¬ 
tures  for  these  stations  was  plotted  to  determine  if  they  would  assume  a 
normal  distribution  curve.  It  was  found  that  the  temperature  distribution 
at  Tripoli  plotted  a  normal  curve,  but  the  data  for  the  other  selected  cities 
would  not  conform 

The  errors  were  plotted  and  were  found  to  oscillate  about  the  axis 
in  a  manner  which  indicated  that  a  harmonic  relationship  might  be  involved. 
The  following  relationship  was  substituted  arbitrarily  and  computed  for 
each  distribution 


P  (%)  =  100  50  -  .  50  cos  180*  (  -= - ^ 

L  \  ^max  "  ^o 

where 

P  =  Probability 

T  =  Desired  temperature 

T^  =  Absolute  minimum  temperature 

T _ =  Absolute  maximum  temperature 

max  ^ 

(3)  Lackey,  E.  E  ,  ’’A  Method  for  Assessing  Hourly  Temperature  Prob* 
abilities  from  Limited  Weather  Records  "  Bulletin  of  the  American 
Meteorological  Society,  June  I960  Z98-303  pp. 
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The  relationship  closely  approximated  the  temperature  distributions  and 
indicated  the  possibility  that  a  trigonometric  relation  could  apply.  The  next 
step  was  to  investigate  the  above  equation  and  attempt  to  obtain  further 
refinements . 

The  fact  that  the  curve  for  the  experimental  equation  was  close  to 
the  actual  curve  and  contained  a  cosine  term  indicated  that  the  basic  dis¬ 
tribution  might  possibly  be  a  sine  or  cosine  function.  The  basic  distribu¬ 
tion  would  be  the  differential  of  the  relation  sought.  Upon  investigation, 
it  was  found  that  the  closest  form  of  curve  would  be  the  cosine  curve  with 
the  axis  at  the  midpoint  of  the  curve.  When  a  translation  of  axis  was 
added,  the  result  was  a  versed  sine  curve  which,  when  integrated,  produced 
a  relation  similar  in  form  to  the  original  but  having  different  terms.  The 
derivation  of  this  relation  was  as  follows: 


=  a  (<}>  -  sin 


Zir 

0 


=  a  (Ztt  -  0  -  0  +  0)  =  Zira 
=  Zira 
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The  probability  is  the  ratio  of  the  area  from  0  to  some  value  of  (}) 
as  a  percentage  of  the  total  area,  Zira.  Therefore 


P  = 


area  considered  ~ 


total  area 


Zna 


=  -^  (4>  -  sin  <t)) 


«!> 

0 


Substituting 


4> 


=  ( 


T  -  T 


T  .  T 
-^max 


^  Zn 


then 


P  =  T" 


1 

Zn 


N  *  max  o  /  \  max  o  / 


T  -  T. 


T  -  T 
'•‘max  ^ 


_L  /  -  Tq  \ 

o  ■  2-  V  T^ax  -  To  ) 


Ztt 


Probability  (%)  =  100 


T  .  T. 


1  /  T  -  T^ 

o  ■  [  T^ax-  Toj 


T  -  T 
max 


Ztt 


The  above  equation  can  be  divided  into  two  groups  of  variables 
where  one  is  (P)  and  the  other  is  the  ratio  (T  -  -  Tq).  This 

relation  produces  a  plot  as  follows: 


I 


w 
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P 


T  -  T 
max  o 


The  curve  may  be  computed  once  for  the  various  ratios  of 
(T  -  "^o^  read  directly  in  percentage,  or  each  value  may 

be  computed  separately.  There  are  only  two  temperature  conditions 
required,  "^o'  c>ther  than  the  specified  calculation  temperature. 

By  definition,  when  the  mean  daily  temperature  (Tj^^)  is  the  desired 
temperature  (T),  the  probability  is  equal  to  50  percent;  thus , substituting 
into  Equation  (1) 


Trr.  ‘ 
m  o 

T  -  T 
*^max  -^o 


)] 


1 
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r  T  -  T 
m _ 

T  -  T 
^^max 


) 


2ir 


« 


50 


100 


1 


50  =  100 


^  Tn,-  To 

T  -  T 
^■‘■max  o 


)■•] 


1  T  -  Tq 

^  "^max  '  "^o 


2T  -  2T„  =  T^ov  -  T„ 
m  o  max  o 


T  =  2T  -  T 
■‘o  ■‘max 


Now,  arbitrarily  let  To)/(T^ax- To)  =  thus  obtaining 

P  =  90.  9%  for  the  mean  daily  maximum  temperature  and  solve 

as  follows 

Tmdm  '  Tq  =  ^/^T^ax  ‘ 


1/4  Tq  =  -  3/4Tj^ax 


Tq  "  ^  Tnr^dm  '  ^  Tmax 


Setting  Equations  (2)  and  (3)  equal  and  solving  for  T^^^ax  gives 


“^Ton  ■  Tmax  "  ^T^dm  "  ^T^iax 


^Tjnax  '  ^Tjndm  " 


T  ""  2T  -  T 

^max  “  *mdm  m 


Substituting  Equation  (4)  into  Equation  (2)  gives 
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Thus,  the  relations  are  evolved  from  which  the  absolute  maximum 
temperature  and  the  absolute  minimum  temperature  (Tq)  can  be 

estimated  by  knowing  only  the  mean  daily  temperature  and  mean 

daily  maximum  temperature 

Again,  the  assumptions  made  for  these  derivations  are  as  follows: 

(1)  The  distribution  is  a  fixed  boundary  extreme  limit, 
beyond  which  a  temperature  condition  is  no  longer 
considered  normal  or  could  not  be  expected  to  occur. 

(Z)  The  basic  distribution  can  be  expressed  as  a  versed 
sine  distribution  or  as  a  translated  cosine  curve. 

(3)  The  mean  daily  (T^^)  and  mean  daily  maximum  tern- 
peratures  {T^dm)  appear  at  the  (T  -  /( -  T^) 

ratio  values  of  .  50  and  .75,  respectively.  Or,  the 
probabilities  are  50  percent  and  90.9  percent,  respec« 
tively,  that  temperatures  will  be  below  these  values. 

Figure  Z  shows  a  plot  of  the  temperature  distributions  for  the  eight  stations 
mentioned  eariler  against  the  calculated  distribution.  As  seen,  the  results 
give  relatively  close  correlation.  The  relation  appeared  very  good  for  those 
areas  which  experienced  high  solar  radiation  and  were  not  influenced  by 
large  bodies  of  water,  or  high  humidity  areas.  The  notable  exception  was 
Ashkharad,  U.  S.  S.  R.  No  attempt  was  made  to  explain  this  deviation. 

E.  Making  the  Plot 


The  final  decision  was  to  use  the  cosine  distribution  for  estimating 
the  interior  regions  of  the  South  Asian  desert.  The  normal  distribution 
curve  was  used  for  the  coastal  cities,  based  upon  the  close  correlation 
between  this  type  of  curve  and  the  distribution  of  the  Tripoli,  Libya, 
reporting  station. 

These  distribution  curves  were  then  used  to  estimate  the  frequence- 
of-occurrence  for  various  temperatures  at  the  points  indicated  in  Figure  1. 
The  various  temperatures  that  were  calculated  were  those  considered  criti¬ 
cal  (see  Chapter  IV)  for  the  selected  vehicles.  The  probabilities  were  then 
plotted, and  contour  lines  were  drawn  connecting  like  probabilities  (see 
Chapter  IV)  . 

When  plotting  the  temperature  probability  values,  it  was  known  that 
there  was  a  temperature-elevation  relationship.  Thus,  to  assist  in  con¬ 
structing  the  final  probability  plot  of  temperature  data,  the  probability  map 
was  overlayed  on  the  elevation  map,  and  the  contour  lines  were  used  to 
assist  in  locating  the  lines  of  equal  temperature  probability. 


4* 
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III.  TERRAIN  ANALOGS 


A.  Discussion  of  Data  of  Equipment  Tests 

1 ,  Test  Reports 

The  input  data  from  the  equipment  test  reports  were  generally 
limited  to  statements  made  by  the  test  personnel  pertaining  to  performance 
on  the  various  test  courses,  because  no  precise  terrain-mobility  relationships 
were  recorded.  In  most  instances,  the  performance  was  expressed  in 
subjective  terms,  i.e.  ,  "the  mobility  was  poor,  "  or  "truck  A  performed 
better  than  truck  B.  "  In  some  cases,  especially  on  the  prepared  slopes, 
there  were  more  definitive  engineering  expressions  of  performance  such 
as,  "slope  could  only  be  climbed  with  10  psi  tire  pressure.  "  Occasionally, 
time  was  included  as  a  part  of  the  mobility  description  as,  "The  vehicle 
attained  20  mph  on  Course  A.  " 

2.  Descriptions  of  Test  Courses 

The  names  and  locations  of  every  test  course  at  Yuma  Test 
Station  that  has  been  used  for  mobility  evaluations  were  obtained.  The 
list  of  these  courses  is  shown  as  Table  I,  together  with  Yuma  Test  Station's 
definition  of  the  terrain  description,  and  with  the  land-form  code  descriptions 
of  the  courses,  as  used  by  the  Corps  of  Engineers  (see  Appendix  A). 

It  should  be  noted  that  there  was  a  great  deal  of  inconsistency 
between  the  test  course  names  as  shown  on  the  attachment,  and  their  names 
as  given  in  the  report. 

B.  Data  from  Corps  of  Engineers 

The  terrain  data  for  the  South  Asian  desert  were  obtained  from  the 
Corps  of  Engineers  Technical  Report  No.  3-506  (Handbook,  A  Technique  for 
Preparing  Desert  Terrain  Analogs)^^^  andafolioof  plates  (maps)  entitled 
Analogs  of  Yuma  Terrain  in  the  South  Central  Asian  Desert.^ 


(4) 

Handbook,  A  Technique  for  Preparing  Desert  Terrain  Analogs,  TR  No. 

3-506,  May  1959.  U.  S.  Army  Engineer  Waterways  Station,  Corps  of 
Engineers,  Vicksburg,  Miss. 

^^^Analogs  of  Yuma  Terrain  in  the  South  Central  Asian  Desert,  (18  plates), 

March  1959.  Geology  Branch,  Soils  Division,  U.  S.  Army  Engineer  Waterways 
Experiment  Station,  C  of  E,  Vicksburg,  Miss. 


TABLE  1.  DESCRIPTION  OF  YUMA  TEST  STATION  VEHICLE  COURSES 

(See  Appendix  A) 
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The  Corps  of  Engineers'  folio,  consisting  of  18  plates,  contained 
the  following  terrain  maps: 

( 1)  Characteristic  Plan-Profile  (Plate  1) 

This  is  the  most  commonly  found  plan-profile  within  a  region. 

It  may  be  either  gross  or  restrictive.  A  gross  plan-profile 
is  one  that  can  be  subdivided  into  two  restrictive  component 
plan-profiles  each  exhibiting  relief  of  a  lower  order  than  the 
gross  plan-profile.  Random  sampling  with  circles  35  miles 
in  diameter  is  used  in  determining  the  gross  plan-profile. 
Random  sampling  with  circles  of  1  mile  in  diameter  is  used 
to  determine  the  restrictive  plan-profile. 

( 2)  Slope  Occurrence  (Plate  2) 

This  map  shows  the  occurrence  of  slopes  greater  than  50%. 
Frequency  of  occurrence  is  determined  in  a  direction  containing 
the  maximum  number  of  slopes  steeper  than  50%.  Minimum 
relief  considered  is  10%. 

( 3)  Characteristic  Slope  (Plate  3) 

Characteristic  slope  is  defined  as  a  narrow  range  of  slopes, 
which  predominates  or  is  most  common  within  a  region  (pos¬ 
sessing  a  distinctive  spacing,  arrangement,  or  pattern  of 
contour  lines)  mapped  with  a  10-foot  contour  interval.  Slope 
is  defined  as  a  surface  identified  or  designated  in  terms  of  its 
deviation  from  the  horizontal.  The  amount  of  deviation  is 
commonly  expressed  as  a  rate  of  vertical  rise  per  horizontal 
interval,  as  a  percentage,  or  in  degree. 

(4)  Characteristic  Relief  (Plate  4) 

Where  the  characteristic  slope  is  less  than  6  degrees  (approx¬ 
imately  10%)  relief  is  defined  as  the  vertical  distance  from 
interfluve  crest  to  the  immediately  adjacent  flow  line.  In 
those  areas  where  the  characteristic  slope  is  greater  than  6 
degrees,  relief  is  defined  as  the  maximum  difference  in 
elevation  per  square  mile,  or  in  areas  where  drainage  lines  are 
poorly  developed  or  lacking  (sand  dune  areas),  from  summit 
to  adjacent  low. 
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(  5)  Generalized  Landscape  (Plate  5) 

This  plate  is  a  composite  map  of  the  landform  types  found 
under  the  major  landscape  features  of  mountains,  plains, 
hill  lands ,  plateau s . 

(6)  Soil  Type  (Plate  6) 

This  map  deals  with  soil-rock  associations;  areas  characterized 
by  a  mosiac  of  bare  rock  and  stony  soils  with  varying  degrees  of 
scattered  patches  of  coarse  and  fine-grained  soils. 

(a)  stony  soils  -  More  than  75%  of  a  typical  sample  consists 
of  material  coarser  than  gravel. 

(b)  coarse  grained  soils  -  More  than  50%  of  a  typical  sample 
consists  of  sand  and/or  gravel. 

(c)  fine-grained  soils  -  More  than  50%  of  a  typical  sample 
consists  of  silt  and/or  clay. 

(7)  Soil  Consistency  (Plate  7) 

This  map  presents  the  conditions  of  soils  as  follows: 

(a)  Homogeneous  consistencies:  Soils  of  essentially  unchanged 
consistencies  to  depths  greater  than  18  inches. 

(i)  Noncohesive:  Materials  in  which  the  constituent 
particles  do  not  adhere  to  each  other 

(ii)  Cohesive:  Materials  in  which  the  constituent 
particles  do  adhere  to  each  other,  either  because 
of  mutual  attraction  of  the  particles  themselves, 

or  because  of  the  presence  of  a  cementing  material. 

(b)  Layered  consistencies:  Soils  having  two  or  more 
relatively  discrete  layers  within  18  inches  of  the  surface. 

(i)  Cohesive  surface  layer  underlain  by  either  softer 
cohesive  materials,  or  by  noncohesive  materials. 

(ii)  Noncohesive  surface  layer  underlain  by  either 
looser  or  denser  noncohesive  materials,  or  by 
cohesive  materials. 
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( 8)  Surface  Rock  (Plate  8) 

This  map  includes  the  regions  where  rock  is  exposed  and  at 
shallow  depths  (i.  e.  ,  0-10  ft).  Types  of  rock  designated 
include: 

(a)  Igneous  (Undifferentiated):  Rocks  found  by  solidification 
or  crystallization  of  a  hot  fluid  mass  (i.  e.  ,  granite, 
syenite,  diorite,  basalt.  ) 

(b)  Metamorphic  (Undifferentiated):  Rocks  formed  from 
original  igneous  or  sedimentary  rocks  through  alterations 
produced  by  pressure,  heat,  or  the  infiltration  of  other 
materials  at  depths  below  the  surface  zones  of  weather¬ 
ing  or  cementing,  {i.  e.  ,  gneiss,  schist,  slate) 

(c)  Sedimentary  (Undifferentiated):  Rocks  formed  from  material 
laid  down  in  a  more  or  less  finely  divided  state,  as 
sediment,  through  the  agency  of  water,  wind  or  glaciers 

(i.  e.  ,  sandstone,  limestone,  shale). 

(9)  Vegetation  (Plate  9) 

This  plate  is  a  map  of  the  vegetation  types  and  includes  the 
following  units:  barren,  sparse  shrub  and  grass,  scattered 
shrub  and  grass,  scrubby  trees,  dense  shrub  and/or  scrubby 
trees,  palms  with  or  without  grain-herb  cultivation,  steppe, 
steppe -savanna,  grain-herb  cultivation,  marsh. 

(10)  Geometry  or  Form  (Plate  10) 

This  plate  identifies  landscape  type  as  a  combination  of 

(a)  characteristic  plan-profile 

(b)  slope  occurrence 

(c)  slope 

(d)  relief 

(11)  Ground  (Plate  11) 

Soil  type  and  surface  rock  or  soil  consistency  are  considered 
in  this  composite  map.  Much  of  the  South  Central  Asian 
desert  is  highly  analogous  to  the  Yuma  terrain. 
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( 1 2)  Vegetation  Analogs  (Plate  12) 

( 1  3)  Composite  Analogs  (Plate  13) 

This  analog  superposes  geometry,  ground  and  vegetation 
mapping  components. 

(14)  Physiography  (Plate  14) 

This  analog  shows  the  mountains,  plain  and  mountains  complex, 
hill  lands,  plateaus,  and  plains. 

( 1  5)  Physiography  -  Descriptions  and  Photographs  (Plates  15  15A) 

(16)  Hypsometry  (Plate  16) 

Land  form  elevations  are  shown  in  the  range  of  from  below  sea 
level  to  15,  000  ft  above  sea  level. 

(17)  Landform -Surface  Conditions  (Plate  17) 

An  analog  of  landform  and  surface  conditions 

( a)  Depositional  (alluvial,  colluvial,  lacustrine,  eolian, 
marine,  organic  -  chemical) 

(b)  Erosional  (surface  water,  wind,  marine) 

(c)  Miscellaneous  (volcanic,  tectonic,  residual,  intrusive, 
meteoric) 

( 1 8)  Landform -Surface  Conditions  (Plates  18,  18A  18B) 

Descriptions  and  photographs  of  landform  and  surface  conditions. 

C.  Technique  of  Making  Plots 

As  mentioned,  the  first  effort  was  directed  toward  establishing  the 
Yuma  test  course  terrain  definition  in  terms  consistent  with  those  plotted 
on  the  Corps  of  Engineers  maps.  (See  Table  1).  Next,  the  terminology 
used  at  the  Yuma  Test  Center  was  listed,  and  efforts  were  made  to  correlate 
the  various  terms  with  the  sets  of  numbers  selected  from  the  maps.  General 
agreement  was  found  to  exist  in  the  terminology,  although  the  descriptive 
terms  were  not  always  similar.  Terms  were  found  to  apply  to  combinations 
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of  soil  conditions,  while  others  applied  to  terrain  configurations.  For 
instance,  the  term  "hummocky,  "  which  is  used  to  describe  terrain  condition 
at  Yuma,  does  not  appear  in  the  Corps  of  Engineers  terminology. 

The  correlation  of  Yuma  test  course  data  in  a  direct  translation  to 
the  conditions  existing  in  Asia  was  investigated  and  found  to  have  limited 
possibility.  The  limiting  factor  was  the  lack  of  precise  overlap  of  terrain- 
data  definitions.  To  offset  this  disadvantage,  Yuma  data  were  generalized 
and  subjectively  rearranged  to  conform  to  the  Asian  desert  terrain  descriptions. 

Some  of  the  terrain  features  were  found  to  be  directly  related  to 
the  occurrence  of  climatic  factors,  and  thus  required  the  addition  of  climatic 
data  to  the  set  of  conditions  to  be  plotted.  This  compounding  of  terrain  and 
climatic  features  will  be  discussed  later. 

The  basic  plots  of  mobility  data  were  based  on  those  areas  in  which 
difficulties  were  known  to  occur.  This  constituted  a  negative  type  of  plot; 
however,  since  engineering  work  is  generally  concerned  with  problem  areas 
rather  than  areas  which  are  normally  successful,  this  type  of  plot  more 
closely  followed  engineering  procedure. 

The  unplotted  areas  were  divided  into  two  basic  categories: 

(1)  those  areas  in  which  performance  was  not  known,  and 

(2)  those  areas  in  which  performance  was  known  to  be  satisfactory. 

Next  the  reports  of  desert  evaluations  conducted  on  the  vehicles 
were  given  definitive  examination  and  review.  This  review  included  a 
careful  analysis  of  all  statements,  data,  and  observations  relating  to  mobility- 
terrain  performance  results.  (See  Appendix  B  for  summaries  of  the 
vehicle  performance  capabilities.  ) 

The  Envanal  charts  were  then  examined  to  determine  the  reliability 
of  utilizing  these  documents  for  obtaining  mobility-terrain  relationships, 
rather  than  referring  to  the  test  report  itself.  In  the  reports  examined, the 
Envanal  charts  generally  were  adequate  representations  of  the  test  results, 
for  the  purposes  of  preparing  the  analogs.  On  some  occasions,  slight 
amplification  of  the  Envanal  charts  was  desired,  but  the  questions  were  of 
minor  magnitudes. 

Two  types  of  limitations  were  used  for  plotting:  a  lower  upper-limit, 
and  a  higher  upper-limit.  The  lower  upper-limit  indicated  the  point  at  which 
any  specification  would  be  exceeded,  whereas,  the  higher  upper-limit  was 
the  point  at  which  further  operation  would  destroy  or  severely  damage  the 
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equipment,  or  imperil  the  operation,  and  usually  meant  that  the  specification 
was  substantially  exceeded  or  that  several  specifications  were  exceeded 
simultaneously. 

The  limits  and  the  reasons  for  the  limits  are  thus  evaluated  in 
terms  of  various  sets  of  conditions  which,  when  occurring,  would  produce 
a  situation  of  poor  performance. 

In  general  terms,  terrain  is  a  relatively  fixed  factor  varying  only 
with  location,  whereas  climatic  factors  will  vary  from  day-to-day  for  a 
fixed  location,  in  addition  to  varying  with  location.  Thus,  if  position  or 
location  is  fixed,  the  climatic  factor  will  vary  from  day-to-day,  while  the 
terrain  feature  will  remain  constant. 

In  some  instances,  certain  features  of  the  terrain  may  be  a  redundant 
part  of  the  plotting  procedure;  however,  it  is  still  presented  as  being  a 
definitely  known  contributing  factor  to  the  problem.  An  example  of  this 
type  is  the  plotting  of  sand  dunes  on  the  terrain  map  for  the  XM274  vehicle. 
The  existence  of  the  sand  dunes  is  not  the  problem,  but  becomes  a  problem 
in  conjunction  with  the  occurrence  of  a  100°F  temperature.  Such  an  area 
could  be  plotted  as  a  function  of  the  occurrence  of  100°F  temperature  without 
plotting  sand  dunes;  however,  in  this  study, the  area  is  plotted  as  an  area  of 
sand  dunes,  which  may  or  may  not  be  negotiable,  depending  upon  the  tempera¬ 
ture. 


The  terrain  maps  contain  areas  which  are  mapped  as  mixed  groups; 
therefore,  it  becomes  necessary  to  map  performance  as  mixed  groups. 

Thus,  areas  were  established  which  were  generally  considered  as  "definitely 
not  advisable  to  operate  in,  "  and  other  areas  in  which  the  vehicle  "can  be 
operated  in.  "  In  certain  cases, the  information  required  to  make  a  definite 
decision  was  not  available.  These  mixed  areas  often  contain  a  portion  of 
the  terrain  that  is  definitely  known  to  be  unfavorable,  while  at  the  same  time 
they  also  contain  areas  that  are  favorable  for  operation.  Since  these  areas 
could  not  be  isolated,  it  was  generally  stated  that  the  area  is  "selective,  "  or 
actually  contains  some  of  both  conditions.  Wherever  these  mixed  areas 
exist, they  will  have  to  be  defined  either  by  more  definitive  plotting  of  basic 
terrain  data  within  the  area,  or  the  user  of  the  maps  will  have  to  interpret 
the  maps  accordingly. 

The  vehicle  performance  analogs  compiled  for  this  study  show  three 
conditions  based  on  available  atmospheric  and  terrain  data.  The  three 
conditions  are  defined  as.. 

(1)  "Go"  --  A  "go"  condition  exists  for  the  vehicle  within  an  area 

if  all  isets  of  limitations  listed  under  selection  of  criteria  are 
not  met- 
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(2)  ’’May  Go’’  --  A  "may  go"  condition  would  exist,  for  example, 
when  terrain  limitations  are  not  met,  but  certain  atmospheric 
limits  are  met;  or  terrain  or  atmospheric  data  are  not  sub¬ 
stantiated  or  are  questionable  as  to  their  veracity,  A  "may 
go"  condition  is  shown  as  either  "selective"  or  "doubtful.  " 
Examples  of  such  situations  are  as  follows: 

(a)  Selective  --  An  area  contains  both  "go"  and  "no-go" 
criteria  as  listed  for  the  vehicle. 

(b)  Doubtful  --  An  area  where  no  clear  indication  "no-go" 
criteria  exists,  but  subjective  deduction  indicates  the 
existence  of  such  criteria. 

(3)  "No-Go"  --  A  "no-go"  condition  exists  if  any  sets  of  limits 
listed  under  selection  criteria  are  met. 

Of  the  18  terrain  plates  on  the  South  Asian  desert,  only  two  proved 
to  be  of  consequence  to  the  study.  They  were  Plate  5  (Generalized  Land¬ 
scape)  and  Plate  16  (Hypsometry ). 

The  first  of  these  (Plate  5)  was  a  combination  presentation  of: 
Landform  (Plate  1),  Slope  Occurrence  (Plate  2),  Characteristic  Slope 
(Plate  3),  and  Characteristic  Relief  (Plate  4).  Within  this  group,  it  was  soon 
discovered  that  the  characteristic  slope  map  predominated  in  describing 
vehicle  limitations.  The  reason  was  that  the  test  reports,  themselves, 
only  contained  information  in  this  respect.  Limitations  imposed  by  the 
other  landforms  were  seldom ,  if  ever,  correlated  with  test  data,  and  could 
only  be  used  selectively. 

The  hypsometry  plate  proved  of  value  in  drawing  the  temperature 
frequency  lines.  Since  temperature  is  generally  a  function  of  elevation 
(hypsometry),  the  plate  was  used  for  interpolation  of  isotherm  direction. 

D.  Preparation  of  the  Mobility-Terrain  Maps 

As  mentioned,  the  plotting  was  done  on  a  negative-type  basis;  that 
is,  those  areas  where  "No-Go"  conditions  existed  were  first  plotted,  then 
the  ones  designated  as  "Selective"  or  "Doubtful"  were  plotted;  and  the 
remainder  was  considered  as  "Go.  "  Therefore,  all  criteria  were  expressed 
in  terms  of  the  vehicles  limitations. 
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1 .  The  Selective  Criteria  Were  Firmly  Established 

The  first  step  was  to  select  the  appropriate  criteria  which 
would  delineate  between  the  various  mobility-terrain  relationships  (that 
is:  ‘'No-Go,  “  “Doubtful,  “  Selective,  “  or  “Go“. )  These  criteria  were  then 
related  to  the  various  terrain  analogs. 

a.  “No-Go“  Plot 


Using  the  M35  truck  as  an  example,  the  critical  per¬ 
formance  point  for  “No-Go“  mobility-terrain  relationships  was  the  50%  slope. 
Therefore,  the  occurrence  of  any  of  the  following  sets  of  landform  conditions 
constituted  an  area  in  which  the  “No-Go“  plot  was  made. 


4  5  5 

4  5  5 

4  6  5 

4  6  5 

4  6  5 

4l  5  5 

4L//  6  5 

4L//  6  5 


‘  PP  --  Plan  Profile 
CS  --  Characteristic  Slope 


5 

6 

5 

6 

7 

5 

6 

7 

SO--  Slope  Occurrence 
CR  --  Characteristic  Relief 


Generally, the  four  above  landform  conditions  were  used 
exclusively  in  defining  “No-Go“  limitations.  On  occasion,  however,  additional 
landform  aspects  were  considered.  For  example,  in  the  case  of  the  M35 
truck,  it  was  noted  in  the  reports  that  the  vehicle  had  difficulty  in  operating 
for  sustained  periods  in  sand  dune  operations.  Therefore,  those  landform 
characteristics  necessary  to  define  sand  dune  conditions  were  used,  resulting 
in  the  addition  of  soil  characteristic  to  the  sets  of  conditions.  The  following 
tabulation  shows  the  sets  that  were  brought  into  play  to  further  define  “No- 
Go'*  aspects  for  the  M35  truck,  as  a  result  of  this  inability  to  operate  in 
sand  dunes. 
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PP  SO  CS  CR  SC 

5 
5 
5 
5 
5 
5 

PP  --  Plan  Profile  SO  --  Slope  Occurrence  CS  Characteristic 

CR  --  Characteristic  Slope 

SC  -  '  Soil  Char¬ 
acteristics 

Finally,  a  unique  condition  could  occur  where  only  a 
single  parameter  was  needed  to  evaluate  the  '’No-Go’*  quality  of  the  vehicle. 
Again,  using  the  M35  truck  as  an  example,  indications  were  that  the  presence 
of  a  soil  with  a  '*3"  classification  on  the  Corps  of  Engineers  soil  consistency 
analog  would  result  in  vehicle  immobilization  (a  ”3”  classification  denoted 
a  soft  soil  with  little  or  no  bearing  capacity.  )  Thus,  any  time  the  ”3” 
condition  existed,  regardless  of  the  other  landform  qualities,  a”No-Go” 
plot  occurred. 

b.  ’’Doubtful"  Plots 

The  "Doubtful"  plot  was  utilized  when  there  was  no  clear 
indication  of  nonmobility,  but  subjective  reasoning  indicated  that  the  vehicle 
would  probably  be  inoperable. 

For  example,  in  the  case  of  the  M35  truck,  test  results 
indicated  that  under  certain  conditions  the  vehicle  would  not  negotiate  a  20% 
slope.  Under  ideal  conditions  it  would  negotiate  a  50%  slope.  Thus,  any 
time  a  slope  condition  occurred  that  was  equal  to  or  greater  than  20%  but 
less  than  50%,  a  "Doubtful"  plot  was  followed.  The  landform  combinations 
that  indicated  this  situation  were: 

PP  SO  CS  CR 

5  4  5 

6  4  5 

Plan  Profile  CS  --  Characteristic  Slope 

Slope  Occurrence  CR  --  Characteristic  Relief 


4 

4 

PP  -- 
SO  -- 


5L//  4  3  5 

6L//  3  3  5 

6l  3  3  5 

6  2  3  4 

6  3  3  4 

6  4  3  4 
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Occasionally  there  were  single  parameters  that  would 
exist  in  which  subjective  reasoning  would  cause  doubt  as  to  the  vehicle's 
operability,  but  in  which  no  precise  limitations  were  known.  Again,  using 
the  M35  truck  as  an  example,  a  "Doubtful"  plot  occurred  when  a  soil 
consistency  rating  of  "6"  (hard,  thin  crust  overlying  soft  materials, 
commonly  muck,  ooze,  saturated  silts)  existed. 

c.  "Selective" 

"Selective"  plot  was  utilized  whenever  an  areal  complex 
occurred,  and  one  of  these  complexes  was  a  "No-Go"  type  of  terrain  feature 
or  combination. 

d.  "Go"  Plot 

The  "Go"  plot  was  placed  in  all  areas  which  did  not  fall 
within  the  preceding  catagories. 
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IV.  TESTING  OF  RESULTS  ON  VEHICLES  BY  ANALOGS 


Preceding  chapters  have  discussed  the  approach  taken  in  establishing 
the  terrain  analogs  and  the  atmospheric  analogs.  The  purpose  of  this  chapter 
is  to  apply  these  approaches  to  actual  plotting  of  the  analogs  for  four  vehicles: 
Tank,  90mm  Gun,  M48;  Carrier,  Light  weapons,  Infantry,  4X4,  M274; 
Truck,  Cargo,  Prime  Mover,  2-1 /2-Ton,  6X6  M35;  and  Carrier,  Personnel, 
Fullt racked.  Ml  1  3 . 

Summaries  of  the  reports  from  which  test  results  were  obtained  are 
in  Appendix  C. 

A .  Tank,  90mm  Gun,  M48 


This  vehicle  was  found  to  have  vapor  locking  tendencies  which  would 
occur  at  temperatures  of  100®F.  Engine  cooling  problems  would  occur  at 
113®F.  Since  the  vapor  locking  tendency  was  not  serious  at  the  100*F 
temperature,  the  113*F  temperature  level  was  selected  as  the  lower  tempera¬ 
ture  limit.  The  upper  temperature  limit  of  125®F  was  established  as  the 
highest  possible  temperature  operating  level  because  of  rate  of  temperature 
rise  in  vehicle  components.  The  cylinder  heads  on  the  main  engine  will 
overheat  at  full-load,  main  engine  oil  temperatures  will  be  borderline,  and 
serious  vapor  lock  will  occur. 

Figure  3A  plots  the  probability  of  occurrence  for  temperatures 
equaling  or  exceeding  113®F  during  the  warmest  month  in  the  South  Asian 
Desert.  This,  then,  is  an  estimate  for  percentage  of  time  that  temperatures 
would  cause  the  M48  tank's  component  temperatures  to  exceed  the  design 
specifications  under  selected  operating  conditions. 

Figure  3B  plots  the  probability  of  occurrence  for  temperatures 
equaling  or  exceeding  125®F  during  the  warmest  month.  This  would  then 
be  an  estimate  of  percentage  of  time  that  any  operation  would  be  hazardous 
in  the  designated  areas,  because  of  high  temperature. 

Test  performance  reports  revealed  that  the  maximum  slope  climbing 
ability  of  the  M48  tank  was  40  percent.  The  Corp  of  Engineers'  terrain 
maps  did  not  plot  40  percent  slopes,  but  did  plot  slopes  in  the  range  from 
25  to  50  percent.  Thus,  the  actual  "No-Go"  terrain  plot  includes  50  per¬ 
cent  and  greater  slopes,  which  are  actually  ten  percent  above  the  maximum 
limit  of  the  vehicle.  This  is  not  the  ideal  manner  in  which  to  make  a  plot; 
however,  in  this  case,  it  represents  the  most  accurate  plot  based  on 


BILITY  OF  OCCURRENCE  TEMPERATURES  WARMEST  MONTH 

MAXIMUM  TEMPERATURE  LIMIT)  (TANK,  90MM  6UN,  M48) 


FIGURE  3B.  PROBABILITY  OF  OCCURRENCE  TEMPERS 
(UPPER  MAXIMUM  TEMPERATURE  LIMIT)  (Til 
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availability  of  existing  data  pertaining  to  the  terrain  and  the  breakdown 
of  plotting  categories. 

There  are  some  areas  plotted  on  the  map  which  represent  personal 
injection  of  interpretation  on  the  part  of  the  authors  and  were  not  obtained 
from  reports  of  any  type.  These  areas  include  marshlands,  perennial  wet 
soils,  and  soils  underlain  with  soft  materials.  In  these  areas, the  condition 
of  '^Doubtfur*  or  ’’Selective’*  negotiability  was  expressed. 

Figure  3C  plots  the  mobility-terrain  relationship  for  the  vehicle. 

The  selection  criteria  for  "No-Go"  operation  were  established  for 
a  characteristic  slope  equal  to  or  greater  than  50%,  and  also  when  a  soil 
characteristic  of  "3"  (as  defined  in  the  Corp  of  Engineers  Mapping  Code 
found  in  the  Appendix)  existed.  Therefore,  the  following  generalized  land- 

CR  SC 
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5 

6 

5 

6 
7 
6 
5 
5 

Any  3 

A  "Doubtful"  plot  occurred  whenever  Code  "6"  (hard  thin  crust  over- 
lying  soft  materials,  etc.  )  existed  in  the  Corps  of  Engineers  Soil  Consistency 
Analog. 


form  codings  were  used  to  define  "No-Go' 
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And  finally,  a  "Selective"  condition  existed  when  some  areal  complex 
occurred  in  which  a  "No-Go"  condition,  as  shown  above,  existed. 

B.  Carrier,  Light  Weapons,  Infantry,  4X4,  MZ74 

The  MZ74  Infantry  vehicle's  engine  temperatures  exceeded  specifi¬ 
cations  when  operating  under  full-load  conditions  at  82*F  ambient.  In  an 
ambient  of  100®F,  the  condition  would  become  severe  enough  to  completely 
immobilize  the  vehicle. 
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FIGURE  3C.  MOBILITY-TERRAIN  REL 
(TANK,90MM  0UN.M48) 
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iC.  MOBILITY-TERRAIN  RELATIONSHIP 
(TANK,90MM  GUN,M48) 


LEGEND 

NO-GO  RELATIONSHIP  (CHARACTERISTIC  SLOPE 
EXCEEDED  50  PERCENT) 

NO-GO  RELATIONSHIP  (SOIL  CHARACTERISTIC  IS 
SOFT  WITH  LITTLE  OR  NO  BEARING 
STRENGTH) 

DOUBTFUL  RELATIONSHIP  (SOIL  CHARACTERISTIC 
fSHARO  THIN  CRUST  OVERLYING  SOFT 
MATERIALS) 

SELECTIVE  RELATIONSHIP  ( AN  AREAL  COMPLEX 
WITH  BOTH  "go”  and  "no-go"  CONDITIONS) 
gS  RELATIONSHIP  (  NO  KNOWN  LIMITATIONS) 

NOTE:  BaMd  on  O" rainfall  txittinq  at,  during, ond 
shortly  prsctding  vshicis  tronsit. 
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Figure  4A  plots  the  probability  of  occurrence  for  temperatures 
equaling  or  exceeding  82“ F  in  the  South  Asian  desert  during  the  warmest 
month.  This,  then,  is  an  estimate  of  the  percentage  of  time  that  tempera¬ 
tures  will  occur  during  this  month  which  would  cause  the  M274  vehicle's 
component  temperatures  to  exceed  design  specifications  under  certain 
operating  conditions. 

Figure  4B  plots  the  probability  of  occurrence  for  temperatures 
equaling  or  exceeding  100“F  during  the  warmest  month.  This  would  be 
an  estimate  of  the  percentage  of  time  for  the  month  that  any  operation 
would  be  hazardous  in  the  designated  areas  because  of  high  ambient 
temperatures. 

The  carrier  M2  74  was  found  to  have  a  maximum  slope -climbing 
ability  of  60%.  Here  again,  the  nearest  Corps  of  Engineers'  plot  of  terrain 
was  50%.  Thus,  the  plot  of  unsatisfactory  area  includes  slopes  10%  under 
that  which  the  vehicle  will  climb. 


"No-Go"  conditions  occurred  under  the  following  Code  situations; 
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A  "No-Go"  plot  was  also  followed  whenever  the  soil  condition  was 
equal  to  the  Corps  of  Engineers  Classification  of  "3"  (see  Appendix  A  for  precise 
definition.  )  A  "Doubtful"  plot  was  used  whenever  the  soil  consistency  was 
equal  to  a  "6"  (see  Corps  of  Engineers  Coding  Description  in  the  Appendix  A 
for  precise  definition.  ) 


And  finally,  "Selective"  plot  was  used  when  areal  complexes  existed 
which  contained  some  of  "No-Go"  conditions  as  defined  above,  in  combination 
with  "Go"  conditions. 


The  mobility-terrain  relationships  are  plotted  in  Figure  4C. 
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FIGURE  4A.  PROBABILITY  OF  OCCURRENCE  TEMPERATU 
(LOWER  MAXIMUM  TEMPERATURE  LIMIT)  (CARRI 
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ICURRENCE  TEMPERATURES  {  82«F,  WARMEST  MONTH 
MPERATURE  LIMIT)  ( CARRIER  LIGHT  WEAPONS,  INFANTRY,  4  x  4, M 274) 
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FIGURE  4B.  PROBABILITY  OF  OCCURRENCE  TEMPERAT 
(UPPER  MAXIMUM  TEMPERATURE  LIMIT)  (CARR 


ITY  OF  OCCURRENCE  TEMPERATURES  J  IOO*F,  WARMEST  MONTH 
XIMUM  TEMPERATURE  LIMIT)  (CARRIER,  LIGHT  WEAPONS,  INFANTRY,  4x4,  M274) 


FIGURE  4C.  MOBILITY- TERRAIN  F 
(CARRIER,  LIGHT  WEAPC 
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OBILITY-TERRAIN  RELATIONSHIP 
ARRIER,  LIGHT  WEAPONS,  INFANTRY,  4x4,  M274) 


LEGEND 

NQ-GQ  RELATIONSHIP  (CHARACTERISTIC  SLOPE 
EXCEEDED  50  PERCENT) 

NO-GO  RELATIONSHIP  (SOIL  CHARACTERISTIC  IS 
SOFT  WITH  LITTLE  OR  NO  BEARING 
STRENGTH) 

r.  I  DOUBTFUL  RELATIONSHIP  (SOIL  CHARACTERISTIC 
IS  HARD  THIN  CRUST  OVERLYING  SOFT 
MATERIALS) 

f?!?!?;;!;!  SELECTIVE  RELATIONSHIP  (AN  AREAL  COMPLEX 

_  WITH  BOTH  "go"  AND  "NO-GO"  CONDITIONS) 

QQ.  relationship  (  NOKNOWN  LIMITATIONS) 

NOTE:  Bottd  on  0"rainfall  existing  ot,  during, 
and  ehortly  preceding  vehicle  troneit. 
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C.  Truck,  Cargo»  Prime  Mover,  2-1/Z  Ton,  6  X  6,  M35 

The  lower  temperature  limit  for  the  M35  truck  was  found  to  be 
103®F;  the  upper  limit  was  125®F.  The  problems  of  vapor  lock  and  engine 
cooling  were  the  primary  temperature  dependent  malfunctions  which  occurred 
during  the  testing  operations.  Tests  were  made  using  a  submerged  fuel 
pump,  oil  cooler,  and  6-blade  cooling  fan;  however,  verbal  field  reports 
indicate  that  these  items  have  not  been  authorized  to  date  as  standard 
vehicle  modifications  for  field  useo 

Figure  5A  plots  the  probability  of  occurrence  for  temperatures 
equaling  or  exceeding  103®  F  during  the  warmest  month  in  the  South  Asian 
Desert.  Again,  this  is  an  estimate  of  the  percentage  of  time  for  the 
month  that  temperatures  will  occur  which  would  cause  the  M35  truck's 
compartment  temperatures  to  exceed  design  specifications  under  certain 
operating  conditions. 

Figure  5B  indicates  the  probability  of  occurrence  for  temperatures 
equaling  or  exceeding  125®F  during  the  warmest  month.  This  would  then 
be  an  estimate  of  the  percentage  of  time  for  the  month  that  any  operation 
would  be  hazardous  in  the  designated  areas  because  of  high  ambient  tempera¬ 
tures. 


The  M35  truck  was  generally  confined  to  a  maximum  sand  slope  of 
20  percent.  No  other  definitive  relationships  were  given  which  would  relate 
maximum  gradability  to  type  of  terrain.  Therefore,  the  slope  of  maximum 
negotiability  was  selected  as  25  percent  to  coincide  with  an  existing  analog 
plot. 


The  selection  of  criteria  for  the  M35  vehicle  was  established  as 
follows  for  a  "No-Go"  plot: 


PP 


SO 


cs 


CR 


4  5 

4  5 

4  6 

4  6 

4  6 

4L//  5 

4L//  6 

4L//  6 


Because  of  the  inability  of  the  vehicle  to  negotiate  sand  dunes  satis¬ 
factorily,  an  additional  limitation  had  to  be  imposed  to  meet  this  condition. 


FIGURE  5A.  PROBABILITY  OF  OCCURRENCE  TEMPERS 
(LOWER  MAXIMUM  TEMPERATURE  LIMIT) (TF 


Y  OF  OCCURRENCE  TEMPERATURES  ^  I03«F,  WARMEST  MONTH 
IMUM  TEMPERATURE  LIMIT) (TRUCK,  CARGO,  2-1/2-TON,  6x6,M35) 


FIGURE  5B.  PROBABILITY  OF  OCCURRENCE  TEMP 
(UPPER  MAXIMUM  TEMPERATURE  LIMIT) 


LITY  OF  OCCURRENCE  TEMPERATURES  ^  1 25»F,  WARMEST  MONTH 
AXIMUM  TEMPERATURE  LIMIT)  ( TRUCK,  CARGO,  2-1/2-TON,  6x6,  M35) 
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Therefore,  the  following  tabulation  is  indicative  of  those  generalized  land¬ 
scape  areas  where  sand  dunes  existed. 
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A  final  "No-Go"  plotting  occurred  whenever  the  soil  consistency  was 
equal  to  a  "3"  as  defined  by  the  Corps  of  Engineers  Data  Coding  System. 

A  "Doubtful"  mobility  condition  existed  whenever  the  characteristic 
slope  was  equal  to  or  greater  than  25%,  but  less  than  50%.  Therefore,  the 
following  tabulation  is  indicative  of  those  generalized  landscape  conditions 
which  existed  that  would  qualify  for  this  selection; 

PP  SO  CS  CR 

4  5  4  5 

4  6  4  5 


Finally,  the  "Selective"  plot  was  used  when  there  was  some  "No-Go" 
terrain  conditions  existing  in  complex  situations  with  "Go"  terrain  conditions. 

Figure  5C  plots  the  mobility- ter  rain  relationships. 

D.  Carrier,  Personnel,  Full- Tracked,  Mil  3 


The  lower  temperature  limit  of  the  Ml  13  was  determined  to  be  117*F 
and  the  upper  temperature  limit  125*F.  This  vehicle  has  a  temperature 
dependent  problem  which  involves  the  cooling  of  the  transmission  oil  under 
conditions  of  the  road  load  cooling  test. 

Figure  6A  plots  the  probability  of  occurrence  for  temperatures 
equaling  or  exceeding  117“F  during  the  warmest  month  in  the  South  Asian 
desert..  As  with  other  analogs,  this  map  presents  an  estimate  of  time 
in  that  month  that  temperatures  will  occur  which  would  cause  the  Ml  13 
vehicle  to  exceed  design  specifications  under  certain  operating  conditions. 

Figure  6B  indicates  the  probability  of  occurrence  for  temperatures 
equaling  or  exceeding  125®F  during  the  warmest  month.  This  would  be  an 


FIGURE  5C.  MOBILITY-TERRAIN 
(TRUCK,  CARGO, 2-1/2- 


Y-TERRAIN  RELATIONSHIP 
CARGO.  2-1/2-TON.  6x6.  M35) 
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i  ■■■  NO-GO  RELATIONSHIP  (CHARACTERISTIC  SLOPE 

i  /  EXCEEDED  50  PERCENT,  OR  SAND  DUNES 

1  EXISTED) 

V  /■  /  '  '  BRESl  NO-GO  RELATIONSHIP  (SOIL  CHARACTERISTIC  IS 

/  ,  SOFT  WITH  LITTLE  OR  NO  BEARING 

CAPACITY) 

i  [  ■  j  DOUBTFUL  RELATIONSHIP  (CHARACTERISTIC  SLOPE 

/  225  PERCENT  BUT  <  50  PERCENT,  OR  SOI  L 

C.  CHARACTERISTIC  IS  HARD.  THIN  CRUST 

\  _  OVERLYING  SOFT  MATERIALS) 

\  SELECTIVE  RELATIONSHIP  (AN  AREAL  COMPLEX 

;  _  WITH  BOTH  "GO"  AND  NO-GO  CONDITIONS) 

^  GO  RELATIONSHIP  (NO  KNOWN  LIMITATIONS) 

y  ^  NOTE:  Bosed  on  O"  rainfai I  •xitting  at,  during,  ond 

/  \  shortly  pracsding  vohlcla  tronsit. 
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LITY  OF  OCCURRENCE  TEMPERATURES  J  I I7»F,  WARMEST  MONTH 

MAXIMUM  TEMPERATURE  LIMIT)  ( CARRIER, PERSONNEL,  Ml  13) 

* 


ITY  OF  OCCURRENCE  TEMPERATURES  i  I25*F,  WARMEST  MONTH 
XIMUM  TEMPERATURE  LIMIT)  (CARRIER,  PERSONNEL,  Ml  13) 
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estimate  of  the  percentage  of  time  for  the  month  that  any  operation  would 
be  hazardous  in  the  designated  areas  because  of  high  ambient  temperatures. 

The  test  reports  on  this  vehicle  were  generally  satisfactory  and  few 
deficiencies  or  malfunctions  could  be  isolated  as  major  factors.  The 
available  performance  test  reports  did  not  indicate  the  M113's  maximum 
slope  climbing  ability.  However,  a  field  report  was  found  which  originated 
from  a  tropical  exercise(^)  in  which  is  was  stated  the  vehicle  did  not  climb 
a  60  percent  dry  soil  slope.  For  lack  of  other  information,  this  value  was 
taken  as  indicating  the  upper  limit  of  the  climbing  ability  of  the  Ml  13.  The 
Corps  of  Engineers  plot  of  terrain  gave  50  percent  values  as  the  nearest 
plot  of  terrain  which  could  be  used.  Thus,  the  plot  included  herein  uses 
the  50  percent  slope  value  as  indicating  the  upper  slope  limit. 


The  selection  criteria  for  "No-Go"  performance  was  as  follows; 
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There  were  no  "Doubtful"  plottings  required  for  this  vehicle.  "Selective" 
plots  were  used  whenever  some  complex  terrain  conditions  occurred  when 
the  tabulated  generalized  land  features  occurred  in  combination  with  some 
features  that  were  considered  as  "Go"  for  the  vehicle. 


The  mobility-terrain  relationships  are  shown  in  Figure  6C. 


(^)Mannheimer,  J.,  The  Wet  Tropical  Environment- -Its  Description 
and  Effect  on  Materiel  Performance,  Southwest  Research  Institute, 
(Contract  No.  DA- 23-072-ORD- 1  375.  April  1962. 


FIGURE  6C.  MOBILITY-TERRAI 
(CARRIER,  PERSONr 


MOBILITY-TERRAIN  RELATIONSHIP 
(CARRIER.  PERSONNEL,  MII3) 
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V.  CONCLUSIONS  AND  RECOMMENDATIONS 


This  final  chapter  describes  the  conclusions  of  the  study  with 
respect  to  application  of  presently  existing  data  in  predicting  equipment 
performance  in  any  selected  world  environment.  Further,  it  makes 
recommendations  as  to  procedures  that  might  be  taken  to  improve  the 
system . 

A.  Conclusions 


General  performance  limits  of  a  vehicle  can  be  plotted  for  a  given 
area.  However,  the  degree  of  reliability  of  these  plots  is  severely  limited 
by  the  lack  of  definitive  data  relating  vehicle  performance  to  precise  soil 
and  terrain  definitions,  as  developed  by  the  Military  Evaluation  of  Geographic 
Areas  project. 

Presently,  there  is  no  system  or  method  of  evaluation  which  ade¬ 
quately  copes  with  the  synergistic  environmental  effects.  This  quickly 
resolved  this  study  to  an  evaluation  of  single  environments,  further  reducing 
the  precise  scientific  validity. 

Negative- type  plots  of  vehicle  performance  are  the  most  feasible 
to  use  at  present,  due  to  current  methods  of  reporting  engineering  per¬ 
formance  data.  This  method  of  reporting  is  currently  utilized  to  limit 
the  scope  of  reporting  and  carries  the  implication  that  all  other  vehicle 
performance  was  satisfactory. 

There  is  difficulty  in  isolating  the  implied  results  of  what  was 
satisfactory  from  those  results  which  were  not  obtained  at  all.  To  do  so 
requires  close  scrutiny  and  interpretation  of  the  reports,  and  very  often 
the  entire  test  must  be  reconstructed  in  a  subjective  manner. 

It  was  necessary  to  plot  terrain  factors  as  fixed  variables,  whereas 
climatic  factors  had  to  be  plotted  on  the  basis  of  probability  of  occurrence. 
Essentially,  this  implied  that  the  terrain  factor  always  occurs  with  a 
probability  value  of  100  percent  for  a  given  location  and  a  given  climatic 
occurence  will  be  less  than  100  percent  for  the  same  location. 

Climatic  plots  should  be  plotted  on  the  same  mapping  scale  as  the 
terrain  features  and,  also,  some  consideration  should  be  given  to  terrain 
features  when  constructing  the  climatic  plot.  For  example,  to  mathemati¬ 
cally  average  climatic  conditions  on  a  ZO,  000-ft  mountain  from  its  base 
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to  the  top  at  intervals  of  1000  ft  would  yield  a  valid  average,  but,  never¬ 
theless,  it  would  be  unrealistic  for  field  application  These  considerations 
are  presently  being  made  by  the  Quartermaster  Corps  in  their  latest 
mapping  of  climate,  although  these  maps  are  still  unpublished  and  evidently 
do  not  exist  in  the  larger  scale  plots  of  the  various  areas. 

Present  methods  of  rating  Envanal  charts  do  not  in  all  instances 
allow  direct  translation  of  performance  to  the  plotting  but  do  permit  quick 
isolation  of  those  problem  areas  which  can  be  traced  to  and  evaluated  from 
the  basic  test  report.  In  the  methods  presently  used,  performance  is  rated 
against  a  design  specification.  Thus,  there  is  no  guarantee  that  the  design 
specification  covers  the  maximum  limit  required  by  the  environment,  or 
that  a  limit  of  performance  lies  somewhere  between  the  design  specification 
limit  and  the  limit  imposed  by  the  environment. 

The  analog  type  comparisons  between  the  Yuma  climate  and  terrain 
and  the  climate  and  terrain  of  the  South  Asian  desert  were  not  beneficial 
in  predicting  vehicle  performance  limits.  This  was  because  the  analogies 
were  based  upon  single,  isolated  environments,  which  seldom,  within 
themselves,  permitted  logical  deductions  of  performance  constraints.  For 
example,  the  degree  of  absolute  maximum  temperature  analogy  between  the 
test  site  and  some  other  location  would  be  meaningless  for  predictive  pur¬ 
poses  unless  a  vehicle  was  actually  tested  at  that  absolute  maximum  tem¬ 
perature  Similar  types  of  examples  could  be  drawn  for  the  other  analogies, 
when  considered  separately. 

The  analogies  when  taken  in  total  combination  would  so  limit  the 
area  where  predictions  could  be  made  as  to  again  limit  the  usefulness  of 
the  procedure 

The  raw  data  used  in  preparing  the  climatic  analogs  and  ter  rain  analogs 
were  valuable  in  relating  vehicle  performance  with  geographical  location. 

The  Corps  of  Engineers  ter  rain  maps,  with  some  minor  exceptions,  pro¬ 
vided  the  only  basis  for  relating  test  site  terrain  with  South  Asian  desert 
terrain.  The  Quartermaster  Corps  temperature  dataware  sufficient  to 
construct  reasonably  accurate  distributions  of  occurrence  for  any  specific 
point. 


The  different  methods  of  terrain  description  used  by  the  Corps  of 
Engineers  and  vehicle  test  per sonnelwere  a  severe  handicap  in  estimating 
terrain-mobility  capabilities  for  the  South  Asian  desert. 
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B.  Recommendations 


In  order  to  contrive  a  methodology  and  scientific  approach  to  the 
practical  development  of  the  Envanal  program,  the  following  recommenda¬ 
tions  are  submitted: 

(1)  It  is  recommended  that  the  following  types  of  maps  developed 
by  the  U.  S.  Army  Corps  of  Engineers  be  modified,  standard¬ 
ized,  and  utilized  in  the  development  of  the  over-all  Envanal 
program.  (Subject  reference  is  the  Corps  of  Engineers 
report  prepared  by  the  Geology  Branch,  Soils  Division,  dated 
March  1959,  entitled  "Analogs  of  Yuma  Terrain  in  the  South 
Central  Asian  Desert,  "  Copy  1 .  ) 

Plate  1  - -Characteristic  Plan-Profile 

Present  form  is  considered  adequate  at  this  time 
without  modification. 

Plate  Z-  -Slope  Occurrence 

Present  form  is  considered  adequate  at  this  time  without 
modification.  This  particular  type  of  frequency  map 
could  also  be  prepared  for  frequencies  other  than 
50  percent.  It  is  recommended  that  this  map  be  con¬ 
tinued  and  consideration  given  as  to  what  advantages 
could  be  obtained  by  additional  maps  of  this  form 

Plate  3--  Characteristic  Slope 

This  map  is  valuable,  and  modification  if  possible,  is 
recommended  to  further  reduce  the  four  and  five  groupi*' 
to  more  and  smaller  intervals,  especially  between  the 
range  of  Z5  to  7  5  percent  slopes.  Perhaps  increments 
of  ten  percent  would  be  more  satisfactory  than  the  use 
of  the  present  25  percent  intervals 

Plate  4  --Characteristic  Relief 

Present  form  is  usable  No  modification  is  indicated 
Plate  5- -Generalized  Landscape 

This  type  of  map  is  satisfactory  in  its  present  form 
and  should  be  continued 
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Plate  6- -Soil  Type 


This  map  is  very  useful,  although  some  modification 
appears  in  order.  This  map  represents  a  particle 
size  distribution  classification,  except  for  the  ’’saline'^ 
category  which  represents  a  type  of  mineral  or  pH 
classification..  The  use  of  saline  on  this  map  appears 
inconsistent  with  the  over-all  map.  Additional  sub¬ 
division  of  the  first  three  groups  into  a  particle  size 
classification  also  appears  in  order. 

Plate  7  -  -Soil  Consistency 

This  map  is  useful  in  its  present  form.  No  modification 
is  indicated. 

Plate  8--Surface  Rock 

This  map  may  prove  of  value  and  should  be  continued; 
however,  the  classification  for  the  type  of  use  con¬ 
sidered  in  this  report  is  limited  and  would  be  more 
valuable  if  the  size  and  frequency  of  the  surface  rock 
were  shown.  The  recommended  modification  of 
Plate  6  is  also  applicable  to  Plate  8 

Plate  9" -Vegetation 

This  map  is  considered  usable  in  its  present  form. 

Plate  1 6- -Hypsometry 

This  map  is  considered  valuable  and  usable  in  its 
present  form. 

(2)  It  is  recommended  that  the  Quartermaster  Corps’  climatic 
data  be  furnished  in  a  probability  of  occurrence  form  for 
at  least  temperature  and  rainfall.  Later  such  information 
could  be  made  available  pertaining  to  other  climatic  fac¬ 
tors  It  is  recommended  that  all  data  be  compiled  on  a 
monthly  basis  using  the  calendar  month  as  standard  for 
any  and  all  types  of  Envanal  application.  Quarterly  or 
seasonal  summation  could  be  used  to  reduce  the  work 
load;  however,  since  spring,  summer,  winter,  and  fall 
seasons  vary  with  positions  on  the  earth,  it  is  recom¬ 
mended  that  the  monthly  basis  be  used 


All  climatic  plots  should  be  in  relation  to  terrain 
conditions  and,  when  possible,  corrected  accordingly. 

It  is  recommended  that  terrain  and  climatic  factors 
be  standardized  Engineering  test  personnel  should 
be  required  to  record  the  appropriate  data  which 
would  encompass  all  of  the  factors  encountered  during 
the  test,  and  to  define  the  performance  which  occurred 
according  to  specifically  defined  performance  charac¬ 
teristics 

It  is  recommended  that  an  Envanal  chart  or  form  be 
designed  that  will  permit  the  entry  of  measured  per¬ 
formance  without  regard  to  design  specifications. 

This  chart  would  list  the  selection  of  climatic  and 
terrain  characteristics  according  to  the  standardized 
form 
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CHARACTERISTIC  PLAN-PROFILE  (PP) 


The  characteristic  plan-profile  is  the  most  commonly  found  plan- 
profile  within  a  region.  It  may  be  either  restrictive  or  gross.  The  restric¬ 
tive  plan-profile  is  based  on  random  sampling  with  circles  1  mile  in  diameter. 
Local  relief  of  less  than  10  ft  is  not  considered.  The  gross  plan-profile 
is  based  on  random  sampling  with  circles  35  miles  in  diameter.  Relief  of 
less  than  100  ft  is  not  considered.  The  prominences  in  such  a  plan-profile 
are  termed  component  highs,  the  intervening  lowlands  component  lows. 
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PLAN-PROFILE  COMPLEXES: 


Areal  Complexes:  Confined  to  areas  where  two  major,  areally  restricted 

plan-profiles,  both  of  the  restrictive  type  are  mapped. 


1/4 

1\4 


€ 


Plan-profile  of  the  areally  predominant  lows. 
Plan-profile  of  the  areally  subordinate  highs. 

Plan-profile  of  the  areally  predominant  highs 
Plan-profile  of  the  areally  subordinate  lows. 


Gross-Component  Complexes:  Confined  to  areas  where  a  gross  and  a 

restrictive  plan-profile  of  either  a  com¬ 
ponent  high  or  a  component  low  are 
mapped. 
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5L(//  Gross  plan-profile 

7  ^Restrictive  plan-profile  of  component  lows 

l|7  Gross  plan-profile 

^  Restrictive  plan-profile  of  component  highs 

♦Highs  are  considered  to  be  (1)  peaked  or  crested  prominences  which 
exhibit  characteristic  slopes  greater  than  6  degrees  or  (Z)  fairly  flat- 
topped  prominences  or  high-level  areas  bounded  by  slopes  in  excess 
of  14  degrees. 

♦*1j  indicates  linearity  of  highs.  A  high  is  considered  to  be  linear  when 
its  length  is  greater  than  5  times  its  width, 

♦♦*//  indicates  roughly  parallel  arrangement  of  highs  or  aligned  highs. 
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OCCURRENCE  OF  SLOPES  GREATER  THAN  50  PERCENT  (SO) 


Occurrence  may  be  either  restrictive  or  gross,  A  restricted 
occurrence  class  indicates  a  modal  range  of  slopes  greater  than  50  percent 
found  along  traverses  containing  the  maximum  number  of  such  slopes. 

Relief  of  less  than  10  ft  is  not  considered.  A  gross  occurrence  indicates 
the  modal  distance  between  component  highs  or  component  lows.  Relief 
of  less  than  100  ft  is  not  considered. 

1.  The  number  of  slopes  steeper  than  50  percent  is  less  than  1  per 

10  miles  or  in  areas,  less  than  10  miles  in  maximum  dimension, 
where  such  slopes  are  lacking. 

Z.  The  number  of  slopes  steeper  than  50  percent  ranges  from  1  to  5 

per  10  miles. 

3.  The  number  of  slopes  steeper  than  50  percent  ranges  from  5  to  20 
per  10  miles. 

4.  The  number  of  slopes  steeper  than  50  percent  ranges  from  20  to  100 
per  10  miles. 

5.  The  number  of  slopes  steeper  than  50  percent  ranges  from  100  to 
200  per  1  0  miles. 

6.  The  number  of  slopes  steeper  than  50  percent  exceeds  200  per  10  miles. 

OCCURRENCE  COMPLEXES:,  (Mapped  only  where  plan-profile  com¬ 
plexes  are  mapped.) 

Areal  Complexes:  Confined  to  areas  where  two  major,  areally 

restricted  occurrence  units,  both  of  the 
restrictive  type,  are  mapped. 

3/5  Slope  occurrence  of  areally  predominant  lows. 

Slope  occurrence  of  areally  subordinate  highs. 

l\3  Slope  occurrence  of  areally  predominant  highs. 

Slope  occurrence  of  areally  subordinate  lows. 

Gross- component  Complexes  Mapped  only  where  gross-component 
plan-profile  complexes  are  mapped. 


Gross  occurrence  of  component  highs. 
Restrictive  occurrence  within  component  lows. 


Gross  occurrence  of  component  lows. 
Restrictive  occurrence  within  component  highs. 
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CHARACTERISTIC  SLOPE  (CS) 


Slope  is  defined  as  a  surface  identified  or  designated  in  terms  of  its 
deviation  from  the  horizontal.  Characteristic  slope  is  defined  as  a  narrow 
range  of  slopes  which  predominates  or  is  most  common  within  a  region 
(possessing  a  distinctive  spacing*  arrangement*  or  pattern  of  contour  lines) 
mapped  with  a  10- ft  contour  interval. 


Flat: 

la 

lb 

2  Gentle: 

3  Moderate: 


Characteristic  slope  between  0  and  2  degrees  (approx.  0-3.  5%) 
Between  0  and  1/2  degree  (approx.  0  -  1%). 

Between  1/2  and  2  degrees  (approx,  1-3.  5%), 

Characteristic  slope  between  2  and  6  degrees  (approx.  3.5  -  10%). 

Characteristic  slope  between  6  and  14  degrees  (approx  •  10  - 
25%). 


4  Declivitous:  Characteristic  slope  between  14  and  26.  5  degrees  (approx. 
25  -  50%). 


5  Steep:  Characteristic  slope  between  26.  5  and  45  degrees  (approx. 

50  -  100%). 


6  Precipitous:  Characteristic  slope  greater  than  45  degrees  (greater  than 

100%). 


SLOPE  COMPLEXES:  (Mapped  only  where  plan-profile  complexes 

are  mapped) 

Areal  Complexes:  Confined  to  areas  where  two  major,  areally 

restricted  slope  types  are  mapped. 


2/4 

lb\3 


Characteristic  slope  of  areally  predominant  lows. 
Characteristic  slope  of  areally  subordinate  highs. 

Characteristic  slope  of  areally  predominant  highs. 
Characteristic  slope  of  areally  subordinate  lows. 


Gross- component  Complexes:  Mapped  only  where  gross -component 
plan- profile  complexes  are  mapped.  The  symbols  in  the  com¬ 
plex  are  arranged  vertically  or  horizontally  depending  on  the 
plan-profile . 
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2^ 
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sU 


Characteristic 

Characteristic 


slope  within  component  highs.  ♦ 
slope  within  component  lows. 


Characteristic 

Characteristic 


slope  within  component  lows.* 
slope  within  component  highs. 


Important  Scarps:  An  important  scarp  is  defined  as  a  more  or  less  con¬ 
tinuous  precipitous  slope  exhibiting  more  than  100  feet  of  relief. 
Only  the  better  known  scarps  which  extend  for  considerable  dis¬ 
tances  have  been  mapped.  Scarp  height  is  indicated  where  known 


*In  cases  where  the  gross  plan-profile  is  flat-topped  or  flat-bottomed, 
the  characteristic  slope  is  considered  to  be  the  modal  slope  of  the 
bounding  inclines. 
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CHARACTERISTIC  RELIEF  (CR) 

Characteristic  relief  may  be  either  restrictive  or  gross.  Restrictive 
relief  is  based  on  modal  classes  of  stream  depth,  elevation  differential  per 
unit  area,  or  prominence  height.  This  is  further  defined  under  type  I  and 
type  II  relief,  below.  Gross  relief  indicates  the  modal  height  of  component 
highs  or  the  modal  depth  of  component  lows. 

I.  RELIEF  IN  AREAS  WHERE  THE  CHARACTERISTIC  SLOPE  IS 
LESS  THAN  6  DEGREES  (APPROX.  10  PERCENT) 

Relief  is  defined  as  the  modal  vertical  distance  from  interfluve 
crest  to  the  immediately  adjacent  flow  line. 

1  Characteristic  relief  between  0  and  10  feet. 

2  Characteristic  relief  between  10  and  50  feet. 

3  Characteristic  relief  between  50  and  100  feet. 

II.  RELIEF  IN  AREAS  WHERE  THE  CHARACTERISTIC  SLOPE  IS 
GREATER  THAN  6  DEGREES  (APPROX.  10  PER  CENT) 

Relief  is  defined  as  the  modal  maximum  difference  in  elevation 
per  square  mile,  or  in  areas  where  drainage  lines  are  poorly 
developed  or  lacking*, from  summit  to  adjacent  low, 

^Usually  restricted  to  sand  dune  areas- -maximum  height  of 
dunes  indicated  where  known. 

4  Characteristic  relief  between  0  and  50  feet. 

5  Characteristic  relief  between  50  and  400  feet. 

6  Characteristic  relief  between  400  and  1, 000  feet. 

7  Characteristic  relief  greater  than  1,  000  feet. 

RELIEF  COMPLEXES:  (Mapped  only  where  plan-profile  complexes 

are  mapped.  ) 

Areal  Complexes:  Confined  to  areas  where  two  major,  areally 

restricted  relief  units,  both  of  the  restrictive 
type,  are  mapped. 


I 
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2/5 

5\2 


Relief  of  areally  predominant  lows. 
Relief  of  areally  subordinate  highs. 

Relief  of  areally  predominant  highs 
Relief  of  areally  subordinate  lows. 


Gross-component  Complexes:  Mapped  only  where  gross- component 
plan-profile  complexes  are  mapped. 


5 

T 


5|2 


Gross  relief  of  component  highs 
Restrictive  relief  within  component  lows 


Gross  relief  of  component  lows 
Restrictive  relief  within  component  highs 


Important  Scarps:  A  scarp  is  defined  as  a  more  or  less  continuous 
precipitous  slope  exhibiting  more  than  100  feet  of  relief.  Only 
the  better  known  scarps  which  extend  for  considerable  distances 
have  been  mapped.  Scarp  height  is  indicated  where  known. 


w 
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SOIL  TYPE  (ST) 


I.  SOIL- ROCK  ASSOCIATIONS 

1  Areas  characterized  by  a  mosaic  of  bare  rock  and  stony  soils* 

with  a  few  scattered  patches  of  coarse-  and  fine-grained  soils. 
Bare  rock  and  stony  soils  cover  more  than  90  percent  of  the 
area  mapped. 

Z  Areas  characterized  by  a  mosaic  of  bare  rock  and  stony  soils 

with  numerous  patches  of  coarse-  and  fine-grained  soils. 

Bare  rock  and  stony  soils  cover  from  50  to  90  percent  of  the 
area  mapped. 

3  Areas  characterized  by  a  mosaic  of  coarse-  and  fine-grained 

soils  with  numerous  rock  and  stony  soil  outcrops.  Bare  rock 
and  stony  soils  cover  from  20  to  50  percent  of  the  area  mapped. 

Areas  where  patches  of  soil  consist  of  unconsolidated  deposits 
of  volcanic  ash  or  ejecta. 

♦Stony  soils;  More  than  75  percent  of  a  typical  sample  consists 
of  material  coarser  than  gravel.  Coarse-grained  soils:  More 
than  50  percent  of  a  typical  sample  consists  of  sand  and/or 
gravel.  Fine- grained  soils ;  More  than  50  percent  of  a  typical 
sample  consists  of  silt  and/or  clay. 

II.  SOIL  ASSOCIATIONS 


4 

5 

6 


Areally  predominant  (70  percent  or  more)  soil  type  mapped. 
Area  mapped  never  includes  more  than  20  percent  bare  rock 
and  stony  soils. 


COARSE 


r 

Gravel:  More  than  90  percent  of  a  typical  sample 
consists  of  gravel. 


GRAINED 


^  Sand;  More  than  90  percent  of  a  typical  sample 
I  consists  of  sand. 


SOILS 


Sand  and  Gravel  mixed  with  minor  amounts  of  finer 
material:  More  than  50  percent  of  a  typical  sample 
consists  of  sand  and/or  gravel. 


fl 
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7  Silt  and  clay  with  minor  amounts  of  coarser  material: 

More  than  50  percent  of  a  typical  sample  consists  of 
silt  and/or  clay. 

8  FINE  Silt:  More  than  75  percent  of  a  typical  sample  consists 

of  silt. 


9  GRAINED  ^  Clay:  More  than  75  percent  of  a  typical  sample  consists 

of  clay. 

10  SOILS  Saline:  A  typical  soil  sample  has  a  salt  content  of  more 

than  25  percent- -usually  associated  with  silt 
and  clay. 


5/4  SOIL  COMPLEXES:  Soil  complexes  are  mapped  where 

no  areally  predominant  (70  percent  or  more)  soil  type 
occurs.  In  such  instances,  the  two  most  commonly 
occurring  soil  types  are  mapped;  the  predominant  is 
shown  as  the  numerator,  the  subordinate  as  the  denominator 
in  the  fractional  pattern. 
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SOIL  CONSISTENCY  (SC) 

Soil  consistencies  are  mapped  only  where  soil  associations  occur. 

Areally  predominant  (70  percent  or  more)  soil  consistency  mapped. 

I.  HOMOGENEOUS  CONSISTENCIES:  Soils  of  essentially 
unchanged  consistencies  to  depths  greater  than  12  inches. 

A.  Noncohesive:  Materials  in  which  the  constituent  particles 
do  not  adhere  to  each  other. 

1  Loose:  The  ratio  of  voids  to  constituent  grains  is  close 
to  a  naturally  occurring  maximum,  i.  e  . ,  the  grains  are 
loosely  packed. 

2  Dense;  The  ratio  of  voids  to  constituent  particles  is 
close  to  a  naturally  occurring  minimum,  i.e.,  the 
grains  are  closely  packed. 

B.  Cohesive:  Materials  in  which  the  constituent  particles 
adhere  to  each  other,  either  because  of  mutual  attraction 
of  the  particles  themselves,  or  because  of  the  presence 
of  a  cementing  material. 

3  Soft  (usually  perennially  wet):  Little  or  no  bearing  capacity. 

4  Firm:  Moderate  bearing  capacity. 

5  Hard:  High  bearing  capacity. 

II.  LAYERED  CONSISTENCIES:  Soils  possessing  two  or  more 
relatively  discrete  layers  within  12  inches  of  the  surface. 

A.  Crusted  surfaces:  Surface  crust  may  be  either  cohesive 
or  noncohesive. 

6  Hard  thin  crust  (commonly  of  cemented  materials)  over- 
lying  soft  materials  (commonly  muck,  ooze,  or  saturated 
silts). 

7  Hard  crust  (commonly  of  cemented  materials)  overlying 
noncohesive  material  (commonly  sand  or  silt). 
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8  Thin  zone  of  firm  materials  over  noncohesive  materials. 
(Most  common  development  in  areas  of  fixed  dunes,  with 
more  or  less  continuous  vegetation  cover.  ) 

9  Surface  of  closely  fitted  noncohesive  pebbles  or  gravel 
overlying  noncohesive  materials  (commonly  sand  or  silt). 

(Such  '*desert  pavements*'  also  occur  over  bedrock  or 
materials  of  firm  consistencies,  but  this  is  less  common.) 

B.  Noncohesive  surface  layer  less  than  12  inches  thick. 

10  Dense  layer  within  12  inches  of  the  surface. 

11  Hard  layer  within  12  inches  of  the  surface  (usually,  but 
not  always,  caliche). 

3/4  CONSISTENCY  COMPLEXES:  Consistency  complexes 

are  mapped  where  no  areally  predominant  (70  percent  or 
more)  consistency  occurs.  In  such  instances,  the  two 
most  commonly  occuring  consistencies  are  mapped;  the 
predominant  is  shown  as  the  numerator,  the  subordinate 
as  the  denominator  in  the  fractional  pattern. 
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SURFACE  ROCK  (SR) 


Mapped  in  regions  where  rock  is  exposed  and  at  shallow  depths 
(i.e.,  0-10  feet)*  throughout  the  remainder  of  the  area.  In  effect  this 
procedure  restricts  the  mapping  of  surface  rock  to  areas  mapped  as  1, 

2,  or  3  under  Soil  Type. 

Areally  predominant  (70  percent  or  more)  rock  type  mapped. 

1  IGNEOUS  (UNDIFFERENTIATED):  Rocks  formed  by  solidification 
or  crystallization  of  a  hot  fluid  mass- 

2  Intrusive:  Ingneous  rocks,  typically  crystalline,  which  have  formed 
by  cooling  below  the  surface  of  the  earth. 

(Granite,  syenite,  diorite,  etc.  ) 

3  Extrusive  (undifferentiated):  Igneous  rocks  which  have  formed  by 
cooling  at  the  surface  of  the  earth. 

3a  True  extrusive  rocks  formed  by  solidification  of  molten  material 
that  poured  out  on  the  surface  of  the  earth  (e.g  ,  basalt,  dacite, 
etc.  ). 

3b  Rocks  formed  by  secondary  cementation  of  loose  deposits  of  volcanic 
ejecta  (e.g.,  tuff,  agglomerate,  etc.). 

4  METAMORPHIC  (UNDIFFERENTIATED):  Rocks  formed  from 
original  ingneous  or  sedimentary  rocks  throughalterations  produced 
by  pressure,  heat,  or  the  infiltration  of  other  materials  at  depths 
below  the  surface  zones  of  weathering  and  cementation.  The 
alterations  are  sufficiently  complete  throughout  the  body  of  the 

rock  to  produce  a  well-defined  new  type.  (Gneiss,  schist,  slate,  etc  ) 

5  SEDIMENTARY  (UNDIFFERENTIATED)  Rocks  formed  from  mate¬ 
rial  laid  down  in  a  more  or  less  finely  divided  state,  as  sediment, 
through  the  agency  of  water,  wind,  or  glaciers. 

6  Sandstone.  A  sedimentary  rock  predominantly  composed  of  sand 
grains  cemented  together. 

7  Limestone:  A  sedimentary  rock  consisting  essentially  of  calcium 
carbonate . 
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8  Shale:  A  sedimentary  rock  in  which  the  constituent  particles  are 
predominately  of  clay  size. 

9  Evaporites:  A  sedimentary  rock  whose  origin  is  largely  due  to 
evaporation  and  subsequent  precipitation  of  salt  from  water.  (Gypsum» 
anhydrite,  and  rock  salt  are  the  only  evaporites  of  quantitative 
importance .  ) 

3a/3b  ROCK  COMPLEXES:  Rock  complexes  are  mapped  where  no  areally 
predominant  (70  percent  or  more)  rock  type  occurs.  In  such 
instances,  the  two  most  commonly  occurring  rock  types  are  mapped; 
the  predominant  is  shown  as  the  numerator,  the  subordinate  as  the 
denominator  in  the  fractional  pattern. 

^It  should  be  realized  that  the  scale  of  mapping  precludes  delineation, 
especially  in  mountanious  regions,  of  many  alluvial  basins  where  the 
thickness  of  soil  cover  is  much  greater  than  10  feet. 

Note:  Tabulation  of  generalized  rock  properties  on  reverse  side. 
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VEGETATION  (V) 


Areally  predominant  (70  percent  or  more)  vegetation  type  mapped- 
Unit  De  s  cription 


Barren 


Devoid  or  nearly  devoid  of  vegetation. 


Sparse  shrub  &  grass  Widely  spaced  thorny  shrubs,  bushes, 

low  scrubby  trees,  herbs,  or  clumps 
and  open  stands  of  coarse  grass.  (Also 
includes  cacti  in  the  U.S.  ) 

Scattered  shrub  &  grass  Moderate  spacing  of  forms  mentioned 

under  unit  Z. 


Scattered  shrub  and/or 
scrubby  trees 


Thin  stands  of  shrubs  and  scrubby  trees, 
undergrowth  (if  present)  consists  of  low 
shrubs,  bushes,  and  grasses. 


a.  With  scattered  3rd- 
story  trees 


Dense  shrub  and/or 
scrubby  trees 


Dense  stands  of  shrubs  and  scrubby  trees, 
undergrowth  (if  present)  consists  of  low 
shrubs,  bushes,  and  grasses. 


a.  With  scattered  3rd- 
story  trees 


b.  With  grain- herb 
cultivation 


Orchard  areas  with  grain-herb  cultivation 
forming  the  1st  story. 


Palms  with  or  without 
grain- herb  cultivation 


Dense  palm  groves,  Ist- story  grain-herb 
cultivation  may  or  may  not  be  present. 


Low  grass  cover,  may  or  may  not  include 
scattered  low  scrubby  trees  and  shrubs. 
Height  of  grass  ranges  from  a  few  inches 
to  Z  feet. 
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Steppe 
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8  Steppe- savanna  High  continuous  grass  cover,  includes 

scattered  scrubby  trees  and  shrubs. 

Height  of  grass  averages  3-5  feet. 

9  Grain- herb  cultivation  Cultivated  plots  of  grains,  vegetables,  etc. 

10  Marsh  Dense  growth  of  grasses,  sedges,  etc, 

2/4  VEGETATION  COMPLEXES  Vegetation  complexes  are  mapped  where 

no  areally  predominant  (70  percent  or 
more)  vegetation  type  occurs.  In  such 
instances,  the  two  most  commonly 
occurring  types  are  mapped;  the  pre¬ 
dominant  is  shown  as  the  numerator, 
the  subordinate  as  the  denominator  in 
the  fractional  pattern. 


APPENDIX  B 


SUMMARY  OF  VEHICLE  PERFORMANCE  CHARACTERISTICS 
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M48  TANK,  COMBAT,  FULL- TRACKED,  90MM  GUN 

Performance  and  Physical  Characteristics  Pertinent  to 
Desert  Ter  rain  Operation 


A.  Mobility 


Satisfactory  in  all  terrains  tested.  Mobility  tested  in  hard  pre¬ 
pared  surfaces,  rocky  ground,  loose  gravel,  alluvial  fans,  mountainous, 
and  (T48)  in  dune  sand.  On  over  40%  sand  slopes,  track  slippage 
occurred  (TTZ-760/1). 

B,  Cooling 

Cooling  characteristics  are  satisfactory  at  107  ®F,  marginal  at 
115®F,  and  critical  at  1Z5®F  (ambient  temperature).  The  M48  will  not 
cool  satisfactorily  above  an  ambient  of  100 ®F  in  the  low  range,  full 
throttle  condition  ( TBS- 1 40 1  / 1 95) .  Cylinder  heads  on  the  main  engine  will 
overheat,  and  the  main  engine  oil  temperature  will  be  borderline  at  an 
ambient  of  1Z5®F. 

C.  Vapor  Lock 


The  main  engine  operated  without  failure  due  to  vapor  lock,  and, 
although  the  fuel  pressure  to  and  at  the  carburetor  reached  as  low  as 
0.  5  psi,  no  malfunction  at  the  engine  was  observed  ( TBS- 1 40 1  /  195)  The 
modified  fuel  system,  with  the  relocated  fuel  filter  for  the  main  engine, 
operated  satisfactorily  during  vapor  lock  tests  and  would  operate  satisfac¬ 
torily  at  1Z5*F  using  MIL-G-30S6  specification  fuel  ( TBS- 1 401  / 195) 

D.  Endurance 


TB5-1401/11Z 


TBS- 1401/195  TBS- 1  401 /Z 16 


Paved  surfaces 
Alluvial  fans 
Desert  pavement 
Hill  or  Mountainous 
Dust  (airborne) 
Temperature  (test 
ambient) 


Satisfactory 

Gen 

Satisfactory 

Gen 

Satisfactory 

Gen 

Gen 

Satisfactory 

Satis 

- 

- 

Satis 

Gen 

Satis 

Satis . 

Gen 

Satis 

Satis 

- 

- 

Gen 

Satis 

Gen 

Satis 

Gen 

Satis 
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E,  Pertinent  Physical  Characteristics.  (ST9*159) 

Ground  pressure  (combat  loaded) :  11.5  psi 

F.  Pertinent  Performance  Factors:  (ST9-  1  59) 


Fordability  48" 

Gradeability  60% 

Vertical  Climb  36" 

Trench  Crossing  102" 
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M274  (:<M274)  CARRIER,  LIGHT  WEAPONS,  INFANTRY, 

1/2-TON,  4X4 

Performance  and  Physical  Characteristics  Pertinent  to 
Desert  Ter  rain  Operation 


A.  Mobility 


The  M274  has  satisfactory  mobility  characteristics;  however, 
caution  must  be  taken  during  dune  sand  (or  similar  ter rain)operation  to 
prevent  head  slippage  if  the  tires  have  been  deflated  for  better  traction. 
Ope  ration  on  longitudinal  paved  slopes  up  to  60%  and  side  slopes  up  to 
40%  was  normal  (IT*  5033/2  APG).  The  M274  could  not  traverse  any 
freshly  disced  slope  at  any  tire  pressure  with  appreciable  speed  (TB- 
1401*458)  Satisfactorily  operated  on  prepared  sand  slopes  up  to  20% 
gradient  (TB5- 1401 /458). 

B.  Cooling 


The  M274  will  cool  satisfactorily  under  most  road-load  and  cross¬ 
country  conditions  to  115®F,  however,  during  operation  in  soft  sand  or 
steep  hills,  engine  oil  temperatures  will  exceed  specification  at  100®F. 
Full-throttle  cooling  has  been  unsatisfactory  in  all  test  ambients  (95-104**) 
(TB5-1401/458). 

C  Vapor  Lock 

Vapor  handling  facilities  are  satisfactory  to  125*F  (fuel  equivalent 
to  8  psi  rvp  at  125“) 

D.  Endurance 


Generally  satisfactory  under  all  kinds  of  desert  environment. 
Various  mechanical  deficiencies  not  attributable  to  environment. 

E  Pertinent  Physical  Characteristics:  (ST9-159) 

Ground  clearance  11.75" 

F  Pertinent  Performance  Characteristics  ( TB5- 1 40 1 /458) 


Fordability 
Vertical  Climb 
Gradeability 


18" 

24" 

Paved  60%,  prepared  sand  slopes  20% 
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M35  TRUCK,  CARGO,  2-1 /2-TON,  6X6 

Performance  and  Physical  Chracteristics  Pertinent  to 
Desert  Terrain  Operation 


A.  Mobility 

The  M3  5  with  dual  tires  will  operate  satisfactorily  over  the  common 
desert  terrain  but  is  limited  to  carefully  reconnoitered  trails  or  prepared 
roadways  in  the  sand  dune  areas  ( TBS- 1 40 1 /27) ,  Slope  gradeability  tests 
run  on  disc  harrowed  sand  slopes  indicated  the  M35  would  perform  satis¬ 
factorily  within  reasonable  limits,  with  the  rated  cross-country  payload. 
The  practicable  tire  pressures  with  respect  to  grade  and  load  factors  are 
(TB5.1401/Y29): 


%  Slope 

Payload  - 
Empty 

Payload, 
5000  lb 

5000-  and 
7900-lb 
Towed  Load 

10 

12  lb 

10  lb 

5  lb 

15 

6  lb 

10  lb 

5  lb 

20 

2  lb 

5  lb 

"No-Ck)" 

Cooling 

Cooling  characteristics,  while  unsatisfactory  in  ambients  above 
100  *F  with  the  standard  vehicle,  can  be  improved  to  marginal  performance 
in  125*F  by  using  six-blade  fans  and  oil  coolers  (TB5-1401/276). 

C.  Vapor  Lock 


Vapor  handling  characteristics  are  satisfactory  if  a  submerged 
electric  fuel  pump  is  used  (TB5- 1401 /276).  With  a  standard  fuel  pump, 
incipient  vapor  lock  encountered  under  severe  operating  conditions  using 
fuel  adjusted  to  8  psi  rvp  at  125*  (TB5- 1401 /78). 

D.  Endurance 


Functioning  and  endurance  characteristics  are  satisfactory  under 
all  environments. 
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E.  Pertinent  Physical  Characteristics:  (ST9"159) 
Ground  clearance  1*  2" 

F.  Pertinent  Performance  Characteristics:  (ST9-159) 

Gradeability  60%  (hard  surfaced  road) 

Fordability  30”  w/o  equipment 
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Ml  13  CARRIER,  PERSONNEL,  FULL- TRACKED 

Performance  and  Physical  Characteristics  Pertinent  to 
Desert  Terrain  Operation 


A.  Mobility 

Excellent  over  all  tested  desert  terrain  -  no  validated  test  for  dune 
sand,  but  dune  sand  test  of  Til  3  indicated  a  totally  unsatisfactory  rating 
(TB5-1401/400).  Also,  TB1401/400  (T117)  indicates  vehicle  became 
immobilized  in  a  swampy  area.  Mobility  on  prepared  sand  slopes  of  10, 

15,  20  and  30%  is  satisfactory  (TB5-1401/505/II).  TheT113El  (TB5- 
1401/505/11)  successfully  ascended  a  37%  slope  at  1.22  mph  at  9200  feet 
elevation. 

B.  Cooling 


1.  Engineering  cooling 

2.  Road  load  cooling 

3.  Cross  country 


115*F 

(below  3000  ft) 

Satisfactory 

Generally  satisfactory 
(rating  questioned) 

Satisfactory 


125*F 

(below  3000  ft) 
Generally  satisfactory 
Generally  satisfactory 

Satisfactory 


TBS- 1 401  /  505/11  (T113E1)  states  that  this  vehicle's  cooling  characteristics 
and  performance  at  115*F  ambient  temperature  are  generally  satisfactory 
at  higher  altitudes  (9200  ft). 

C.  Vapor  Lock 


Characteristics  were  evaluated  on  early  Til  3  and  T113E1  vehicles 
and  proved  satisfactory.  No  vapor  lock  tendencies  were  encountered  at 
altitudes  of  5720  and  9270  feet  (DPS/IT- 51  7  5/1 -Ml  1  3  Preproduction  Model). 

D.  Endurance 

All  endurance  tests  of  the  T113E1  (TBS- 1401  / 505/11)  and  Prepro¬ 
duction  Ml  13  (DPS/IT- 51  75/1)  proved  satisfactory. 


Pertinent  Physical  Characteristics 


1.  Ground  clearance  Floor  plate  -  16“ 

Final  drive  housing 

Z.  Ground  pressure  7.  1  psi 

Pertinent  Performance  Factors 


1. 

Trench  crossing 

69" 

2. 

Vertical  wall 

24" 

3. 

Fording  depth 

Amphibious 

t 
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APPENDIX  C 

SUMMARIES  OF  TEST  REPORTS  ON 
DESERT  EVALUATIONS  OF  SELECTED  VEHICLES 
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TANK,  COMBAT,  90MM  GUN,  M48 
REPORT  TT2-760/1 


1,  Summarized  results  of  full  throttle  cooling  tests 


Range 

Vehicle 

Speed 

Engine 

Speed 

Ambient 

Temp. 

Max  Cyl 
Head  Temp 

Engine 

Oil 

Transmission 

Oil 

Low 

2.  1 

2315 

107 

484 

220 

305 

Low 

10  2 

2800 

103 

512 

234 

262 

Low^ 

10.  2 

2800 

104 

516 

237 

265 

High 

5.  7 

2335 

106 

487 

227 

309 

High+ 

5.  7 

2335 

104 

488 

233 

311 

High* 

5.  7 

2300 

93 

480 

217 

302 

High 

5.  0 

2800 

86 

468 

207 

312 

♦Auxiliary  engine  operating 
'*’Gun  turned  to  front  of  vehicle 

2.  Vapor  Lock  Tests 

Vehicle  completed  a  five-hour  run  on  fuel  0  2  psi  rvp  above 
Ordnance  Specifications  in  an  ambient  of  105®F  Tests  were  conducted 
in  Vapor  Lock  Gulch. 

3.  Mobility 


Vehicle  able  to  negotiate  cross-country  sand  dunes  course  satis¬ 
factorily.  On  sand  slopes  over  40%,  track  slippage  occurred 

4.  Miscellaneous 


The  main  engine  air  cleaners  when  used  in  a  dusty  environment 
must  be  cleaned  every  four  hours 

5.  Courses  Traversed 

Level  dynamometer  course 

Vapor  Lock  Gulch 


California  sand  dunes 


li 
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REPORT  TT1-671A/1  (Test  of  AV-1790-7  engines,  installed  in 
in  ■M48  tanks) 

1 .  Courses  over  Which  Operated 

a.  ’’Break-in  course" 

b.  Track  sand  course 

c  Muggin’s  Mesa  (track  dust  course) 

2.  Dust  Course  Results 

a.  Air  cleaner  failures  resulted  in  serious  damage  to  two  test 
engines . 

b.  Numerous  oil  cooler  failures  occurred  during  test 

c  Throttle  linkages  gave  continuous  trouble 

REPORT  TB5-1401/11Z 


1 .  Summary  of  full  throttle  cooling  tests 


Range 

See 

Note 

Vehicle 

Speed 

Engine 

Speed 

Ambient 

Max. 

CyL  Head 

Temperatures 
Eng.  Oil  Trans.  Oil 

Low 

1 

10.9 

2800 

97 

495 

231 

263 

Low 

1.2,  3 

10.9 

2800 

97 

505 

241 

268 

Low 

4 

10.  9 

2800 

107 

509 

237 

271 

Low 

2,  3.  4 

10  9 

2800 

107 

513 

245 

279 

High 

1 

5  8 

2355 

98 

495 

217 

301 

High 

4 

5  8 

2355 

94 

478 

209 

293 

High 

2,4 

5.  8 

2300 

97 

471 

214 

291 

High 

1 

14  8 

2300 

99 

495 

215 

239 

High 

4 

14.  8 

2300 

107 

481 

219 

238 

1  W /standard  muffler 

Z  Auxiliary  engine -generator  operating 

3  Slight  running  vapor  lock  during  acceleration  following  this  run 

4  W /pancake  mufflers 
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2,  Road  Load  Cooling  Tests 


Engine  speed  (rpm) 

2800 

2400 

2000 

Road  speed  (mph) 

30 

21 

17 

Ambient  temp.  (°F) 

92 

100 

105 

Max  cyl.  head(°F) 

435 

407 

406 

Engine  oil  ( ''F) 

219 

207 

204 

Trans,  oil  ( “F) 

254 

233 

221 

3.  Cross-Country  Cooling 


Average  engine  speed  (rpm)  2550 

Average  road  speed  (mph)  9 

Max.  cyl  headi^’F)  460 

Engine  oil  C^F)  238 

Trans  oil(®F)  260 


Mobility 

1.  Test  Courses 


a.  Level,  smooth  hard  surface 

b.  "Varied  desert  terrains" 


I 
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TB- 1 40 1/195  (M48  TANK) 


Dust 


Dust  collects  on  internal  optical  surfaces  of  Periscope  M20A1. 


Results 

Cylinder  heads,  on  the  main  engine,  will  overheat,  and  the  main 
engine  oil  temperatures  will  be  borderline  at  an  ambient  of  1Z5°F. 

The  auxiliary  generator  will  not  successfully  operate  in  an  ambient 
of  125*F  because  of  vapor  lock  and  high  cylinder  head  temperature. 

None  of  the  mufflers  tested  are  satisfactory  from  a  torching 
standpoint. 

The  modified  fuel  system,  with  the  relocated  fuel  filter,  for  the 
main  engine  operated  satisfactorily  during  vapor  lock  tests  and  would 
operate  satisfactorily  at  125®F  temperatures  using  MIL-G-3056  speci¬ 
fication  fuel. 

Full  throttle  cooling  and  vapor  lock  tests  were  constructed  on  the 
dynamometers  course. 

Road  load  cooling  test  was  operated  on  smooth,  hard  surface. 

Fire  control  was  operated  and  tested  on  level  and  hilly  cross¬ 
country  courses.  Also,  endurance  tests  were  evaluated  for  these  same 
courses . 


Test  Mileage:  1408 

Hard  surface  -  766 
Cross  country  -  361 
Hill  cross  country  -  281 

The  M48  will  not  cool  satisfactorily  above  an  ambient  of  100  ®F  in 
the  low  range,  full  throttle  condition.  The  limiting  factors  will  be  the 
excessive  cylinder  head  temperatures  in  the  No.  4  and  No.  6  cylinders  of 
the  left  bank  and  No.  3  cylinder  of  the  right  bank  of  the  engine. 

Vapor  Lock  Characteristics 


The  main  engine  operated  without  failure  due  to  vapor  lock  and, 
although  the  fuel  pressure  to  and  at  the  carburetor  reached  as  low  as 
0  5  psi,  no  malfunction  of  the  engine  was  observed. 
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TB5-1401/216 

The  M48  operated  in  extreme  dust  conditions  encountered  on 
Muggin's  Mesa  dust  course.  Dust  leaked  into  engine.  No  report  of  how 
the  dust  affected  engine  performance. 

TB5-1401/357 


The  plastic  fuel  cells  on  the  M48  failed  immediately  after  installa¬ 
tion  and  under  static  test  during  the  pretesting  phase. 

TB5-1401/284 


Of  four  plastic  fuel  cells  tested  on  the  M48,  two  failed  upon  being 
installed;  the  other  two  lasted  353  miles  then  failed.  Repairs  to  the  tanks 
that  failed  were  not  possible. 


4 
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M274  (MECHANICAL  MULE)  CARRIER,  LIGHT  WEAPONS,  INFANTRY, 
172- TON,  4X4 


Max.  rated  load,  1000  lb 

Max.  allowable  cylinder  head  temp.  5E5®F 
Max.  allowable  engine  oil  temp.  270 *F 
REPORT  lT-5033/1  APG 


Vehicle  was  subjected  to  various  engineering  tests  and  was  operated 
over  the  following  types  of  terrain  (the  ambient  temperatures  and  grades 
are  not  stated) 

Pavement 

Gravel 

Level  cross  country 
Hilly  cross  country 
Marsh  and  swamp 

REPORT  IT-5033/2  APG 


Engineering  test  similar  to  the  preceding.  Operation  over  the 
following: 

Pavement 

Gravel 

Level  cross  country 
Hilly  cross  country 
Marsh  and  swamp 

Sustained  speeds  on  the  following  slopes,  type  of  surface,  distance, 
or  ambient  temperature  not  stated 

5®  Slope  -  25  5  mph 
10®  Slope  -  16  0  mph 
15®  Slope  -  12  5  mph 
20®  Slope  -  10  0  mph 
30®  Slope  -  7  .5  mph 

40  ®  Slope  -  6  0  mph 

’’Operation  on  longitudinal  slopes  up  to  60%  and  side  slopes  up  to 
40%  was  normal  ” 


’’Maximum  sustained  vehicle  speeds 
not  determined  on  50%  and  60% 
slopes  due  to  engine  malfunction  ” 
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Temperatures  at  Various  Loads.  Temperatures  not  stabilized;  tests 
stopped  to  prevent  damage  to  engine.  Type  of  road  surface  and  slope 
not  given. 


Road 

Load 

Part 

Load 

Full  Load 

Full  Load 
with  Modi¬ 
fied  Cooler 
Shroud 

Operating  time,  min 

45 

35 

15 

20 

20 

25 

Gear 

H-3 

H-1 

H-2 

H-2 

H-2 

H-2 

Engine  speed,  rpm 

4500 

2400 

2400 

3400 

4000 

2400 

Road  speed,  mph 

26.0 

4.  5 

7.9 

11.3 

13.  3 

7.9 

DB  pull,  lb 

- 

550 

470 

400 

320 

450 

No  2  cyl  head,  ®F 

423 

466 

50  5 

503 

502 

506 

Engine  oil  from  cooler,  ®F 

235 

250 

297 

285 

280 

288 

Ambient  temp.  ,  ®F 

85 

80.  1 

80.  8 

84.9 

86.  2 

89 

Wind  speed  (mph)  fc  dir. 

6-SSE 

10-NW 

ll-SSW 

8-SW 

10-SW 

7-SW 

REPORT  IT-5121 /2  APG 


Similar  to  preceding.  Operations  are  the  following: 


Murson 
Churchville 
Perryman 
Murson 

Fording  depth  -  18'* 


Gravel 

Hilly  cross  country 
Level  cross  country 
Marsh  and  swamp 


Cylinder  head  and  crankcase  oil  temperatures  given  for  three 
vehicles  for  idle,  road  load  and  full  load,  but  ambient  temperatures 
omitted 


REPORT  TBS- 1401 /458,;  IT-5a68/2  -  Yuma 


Test  included  cooling,  vapor  lock,  dust,  fording,  mobility, 
endurance . 

Cooling 


Borderline  under  the  most  severe  road  load  and  c.  c.  conditions 

Full  load,  full  throttle  in  95 ®F  cylinder  head  and  oil  temperature 
exceeded  max  after  12  min  operation. 
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Part  throttle,  925  lb  DB  pull  -  at  1  mph  in  reverse  on  simulated 
60%  grade,  oil  temperature  exceeded  max.  at  104*F  ambient. 

Road  load  cooling  on  level  pavement  -  cylinder  head  and  oil  tem¬ 
perature  below  max.  at  all  ambients  extrapolated  to  125®F. 

Part  throttle  -  oil  from  cooler  exceeds  max.  at  107®  and  113®, 
extrapolated. 

Towne’s  Pass,  Engine  speed  2700  -  4200  rpm,  high  gear  range. 

Max.  Permissible  Cyl.  Head  Temp. 
Reached  at  Following  Ambient 


Elev. 

Time 

Amb. 

Cyl- 

Oil  _ 

(Extrapolated) 

0 

1145 

446 

220 

127 

1000 

1235 

102 

500 

232 

127 

2000 

1246 

97 

495 

239 

127 

3000 

1255 

95 

500 

240 

120 

4000 

1303 

91 

511 

242 

104 

Daylight  Pass 

0 

• 

470 

1000 

- 

- 

515 

2000 

- 

- 

525 

No  ambient  stated 

3000 

- 

- 

515 

4000 

- 

- 

505 

Overheated  in  deep  soft  sand,  slopes.  Oil  sump  temperature 
reached  250®  at  98 *F  ambient  -  extrapolated  =  270 *F  at  118®F. 


Mobilitv 


Ope  rated  are  the  following 


’(‘Prepared  sand  slopes  *  10% 

15% 

20% 


^  Could  not  traverse  any  freshly  plowed  slope  at  any  tire 
pressure  with  appreciable  speed 
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Sand  dynamometer  course 
Paved  slope 
Sand  plains 
Dry  wash 
Desert  pavement 
Stony,  rocky  desert 
Hummocky  sand 


Average  Speed 


60%  -  tendency  to  pitch  -  considered  unsafe 
9.25 
3.79 
18.  50 
2.  40 
5.  43 


Vapor  Lock  -  No  trouble  at  115®  simulated  ambient. 

Fording  -  18" 

Endurance  -  various  deficiencies,  not  attributable  to  environment. 
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M35  TRUCK,  CARGO.  2-1/2- 

TON.  6X6 

! 

\ 

TB5-1401/213  (M35) 

Payload  - 

Payload, 

5000-  and 
7900-lb 

\ 

%  Slope 

Empty 

5000  lb 

Towed  Load 

10 

12  lb 

10  lb 

5  lb 

‘ 

15 

6  lb 

10  lb 

5  lb 

20 

2  lb 

5  lb 

Not  negotiable 

The  slope  gradeability  tests  were  run  on  disc  harrowed  sand 
slopes  and  indicated  that  the  vehicles  would  perform  satisfactorily  within 
reasonable  limits,  with  the  rated  cross-country  payload.  The  practicable 
tire  pressures  with  respect  to  grade  and  load  factors  are  as  above. 

TB5>1401/Z7  (M34&C  M35) 

The  M35,  with  dual  tires,  will  operate  satisfactorily  over  the 
common  desert  terrain,  but  is  limited  to  carefully  reconnoitered  trails 
or  prepared  roadways  in  the  sand  dune  areas. 

The  M35  could  not  negotiate  the  Z0%  prepared  sand  slope  with  any 
payload. 

TB5-1401/Z76 


% 


The  six-bladed  fan  did  result  in  a  cooling  improvement  over  the 
five-bladed  fan.  The  coolant  differential  exceeded  the  95®  specification 
in  L-1  gear  at  full  torque  engine  speed  (1400  rpm),  and  the  engine  oil 
temperature  in  the  galley  was  borderline  at  maximum  horsepower  engine 
speed  (3400  rpm).  Transmission  oil  temperature  is  critical  during  opera¬ 
tion  at  Z400  rpm  and  higher.  The  engine  would  not  properly  cool  under 
conditions  of  high  ambient  temperatures.  Modifications  were  made  to  the 
engine  and  cooling  systems  which  improved  the  vehicle’s  cooling  charac¬ 
teristics;  however,  they  still  did  not  meet  Ordnance  requirements. 

TB5-1401/213 


The  standard  vehicle  equipped  with  the  experimental  oil  cooler 
provided  the  best  over-all  cooling  characteristics;  however,  coolant 
differential  and  engine  oil  temperatures  were  still  borderline  during  the 
more  severe  operating  conditions  and  would  exceed  the  cooling  specifica¬ 
tions  at  1 25  '*F. 
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Ambient 

Oil  Gallery 

Coolant 

Gear 

rpm 

Temperatures 

Temperatures 

Temperatures 

H.2 

2400 

88”  -  91 "F 

228“F 

1—' 

00 

o 

o 

H-2 

2400 

91*  -  96*F 

223*F 

181“F 

H-2 

1400 

96*  -  lOO'F 

215*F 

185*F 

TB5-1401/78 


Incipient  vapor  lock  encountered  under  severe  operating  conditions 
using  fuel  adjusted  to  8  psi  rvp  at  1Z5*F. 
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DESERT  TEST  DATA  -  Ml  13  (Carrier,  Personnel,  Full-Tracked) 


TB5-1401/400 


TI 1 3  (Code  C  Air  Cooled  Engine) 

The  performance  of  this  engine -vehicle  combination  met  environ¬ 
mental  criteria  (operation  in  an  ambient  temperature  of  115*F)  projected 
over  90%  of  the  vehicle  speed  range  and  would  have  also  been  satisfactory 
at  125*F 

Average  Swim  Speed  -  3.  86  mph 
Prepared  Sand  Slopes 


Gear 

Slope  Gradient 

Range 

10% 

15% 

20% 

1  St 

-- 

6.  51  mph 

7  20  mph 

2nd 

9.  12 

8.  55 

5.  82 

3rd 

7.  02 

5.  16 

4  21 

4th 

4.  72 

2.  88 

No-Go ’i' 

’{'Lack  of  power 

Operation  in  California  Sand  Dunes  was  unsuccessful,  as  the  vehicle 
was  frequently  immobilized  because  of  track  suspension  inadequacies. 

Characteristic  Sheet  for  Til 3  Carrier  (TB5-  1401  /400,  p  5) 


Performance. 

Max  speed  40  mph 
Max.  grade  60%;  Side.  30% 
Max  trench.  66” 

Max.  vert,  wall*  18” 
Cruising  range  200  miles 
Max.  ford  depth  Unlimited 

Ground  clearance  is  15” 

Ground  pressure  (psi)  6.7 


93 


TB5-1401/505  Part  2  Environmental  Test  (1958-59)  (T113EI) 

Mobility  Tests  -  Prepared  Course 

T113E1 

Percent  grade  10  15  ZO  30 

Avg.  speed, mph  8.7  5.9  5.7  Z.6 

Gear  range  3LV  3-Conv.  ILV  1  Conv, 

Maximum  speed  at  sea  level  was  36  8  mph  and  Z8.  0  mph  at 
9000  ft  altitude.  General  performance  and  functioning  were  satisfactory 
up  to  11,000  ft  altitude. 

The  vehicle  successfully  ascended  a  37  percent  slope  at  1 .  ZZ  mph 
at  9200  ft  elevation  but  could  not  ascend  a  40  percent  slope. 

Cooling  characteristics  at  IIS'^F  ambient  temperatures  and  per¬ 
formance  of  this  vehicle  at  higher  altitude  are  generally  satisfactory. 

Mobility  and  dust  characteristics  of  the  T113E1  carrier  were 
satisfactory  for  summer  operation  in  the  desert. 

Courses  -  Yuma 

Paved 

Gravel 

Level  cross  country 
Hilly  cross  country 
Dust 
Sand 

TB5-1401/400,  p  44 

Swamp.  The  T117  (similar  to  the  M113)  was  tested  in  an  area  along  the 
Colorado  River  covered  with  swamp  grass  and  occasional  small  brush; 
the  ground  (alluvial  silt)  was  soft  and  damp,  saturated  but  not  inundated 
by  water  The  vehicle  was  able  to  maintain  speed  (est  10  mph)  for 
approximately  150  yards  before  becoming  immobilized.  Once  speed  is 
lost,  continued  movement  of  tracks  results  in  high-centering  of  the  vehicle  . 
and  immobilization  from  hull-ground  contact.  It  was  unable  to  extricate 
itself 

TB5-1401/505  Part  1  Environmental  Test  (1958-59)  (T113E1) 


Standard  Slope  Performance  The  T113E1  (Z400.1b  GVW.185  hp)  ascended 
a  60%  slope  without  difficulty.  The  service  brakes  would  not  hold  the  vehicle 
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stationary  for  more  than  IZ  seconds  when  ascending  -  braking  was  satis¬ 
factory  while  descending- 

obstacles:  Bridging  vertical  wall  obstacles  up  to  Z4"  in  forward;  only  18" 
in  reverse. 

Test  results  indicate  the  vehicle  will  cool  satisfactorily  at  ambient 
temperatures  of  115®F.  No  vapor  lock  or  hot  fuel  handling  difficulties 
during  starting  or  full  throttle  operation  at  115®F. 

Sand  dune  mobility  -  track  slip  prevented  ascent  of  slopes  over 
30  percent 

Courses  .  Desert 


Paved 

Tank  gravel  course 
Tank  level  course 
Country  course 
Tank  hill  course 

DPS/IT- 517 5/ 1  (Preproduction  Pilot  Ml  13) 
Slope  Performance 


Speed,  %  5 

Sustained 

10 

15 

20 

30 

40 

50 

60 

Speed(mph)  22.  3 

14  7 

11  4 

8  4 

7.  3 

3.  8 

3  0 

Z.  4 

Transverse  5th 

3rd 

Znd 

Znd 

1st 

1  St 

1st 

1st 

Speed  range  LU 

LU 

LU 

LU 

LU 

Conv 

Conv 

Conv 

Full « Load  Cooling  Full-load,  full- throttle  cooling  data  gathered  in 
ambient  temperatures  of  95®F  to  109 ‘'F  and  extrapolated  to  115®F  show 
that  the  vehicle  power  train  components  will  cool  satisfactorily 

Road- Load  Cooling - engine  oil,  differential  oil  and  engine  coolant 

temperatures  will  be  marginal  at  115*F  under  maximum  speed  condi¬ 
tions  . 

Altitude  Vehicle  performance  at  altitudes  of  5720  and  9270  feet  was 
generally  satisfactory  -  no  vapor  lock  tendencies  encountered 


APPENDIX  D 


DESERT  ENVANAL  CHARTS  ON  SELECTED  VEHICLES 


EQUIPMENT  TESTED:  tank,  COMNAT,  FULL-TRACKKO,  fOMMOUK  Mil  (Til) 


LOCATION  AND 


SUPPORTING  IQUIPMINT 
AND/OR  LOADS  UTILIZID 


liitjiiiiiffigffl^^ 

I  ■■■rrTrnWT 

i^rTgTOyim^vi:!Ai-LkA-ki 

IIBinH^VwTTTTT 


8T  STATION 


4.l(  i  SIH 
miTT  %  ,'T  i  £ 


SUMMER  1954 


SUMI^R  1994 


•mjvwi.bm:  Hi  nnirgni  maim  •■mbratw; 


AMT  TtMIY  AMB  MB  MTIAI  AMMUMITIBM. 


5-1401/357 


LINI  ITIM  NO.;  444011 


IJ  n/.l  I’TlTfM  J 


STOCK  NO  ;  •>«  I  TYPC  CLASSIFICATION;  STD»B 


OTCM  RIFERINCI:  sitm-c;  mmi»u 


Coollni  cttAraclarlaltC*  ara  aaliafaclory  al  107  dagraaa,  marginal 
al  llSdagraaa,  andirincalal  IIS  dagraaa.  Mobility  ckaraclarlalica 
aatlafactory  In  all  larralna  ovar  vblch  taaiad,  Vapor  handling  characiar* 
iaItCB  ara  aallafaclory  prorldad  modUlcatlona  In  19S4  laala  ara  mada. 
Many  propoaad  modUkaiiona  la  vahlcta  baaa  baan  laaiad  (or  daaarl 
aaduranca  and  (iwciioning,  Enam^laa  ara  ebra«ia  platan  rlnga,  ai^arl* 
manta!  mufflara,  anparlmonial  air  cinanar,  pinailc  Inal  aalla.  (Saa 
(nncllnning  railngo  Inr  niora  daiailad  doacalpiian  o4  raanJta  ad  madid* 
calian  chan^aa.  I  ICa^ina  cooling  and  vapor  haodUag  cMractarlattca  ad 
aiinllLary  angina  nrg  aalla/aciary  U  cooling  air  ii  draam  (ram  lurral, 
otbarndna  ovovkaating  and  mpar  lock  adll  raault.  Cnduranca  and 
(WKIiooing  ad  vahtcia  la  adfaciad  by  dual  aparatlon,  Saa  rating  abaal 
far  M««A  Innh  far  wnlar  oparnltga  araluatlan. 


ENVIRONMENTAL  FACTORS 
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TANK,  COMBAT,  rULL-TRACKED,  90MM  GUN,  M4I  (T4S) 


Nons 


NICKNAMED  NrATTONABB 


1 

N*0*P 

2 

N.  0,P 

4 

ALL 

S 

ALL 

7*  8* 

ALL 

9 

R 

6 

>.N*  0*P 

7 

l*N*0,  P 

8*9 

N.  R 

10*11 

N*0*P 

12 

N*0*P 

14 

D*F*G*R 

IS 

F,  N 

16 

N*0,P 

18, 19 

N*  0,P 

18 

N*0*P 

20 

N,0*P 

22 

N 

22 

A*F*G,U 

22 

f*g*r 

23 

a*f*g,u 

24 

F*G*  N,R 

24 

N 

25 

N 

26 

ALL 

27 

ALL 

28 

ALL 

29 

N 

CNCIHK  Oil.  TEMHCNATUNC  MAV  CMCCCO  (•L.IONTUV)  THE  Al.l.OWAat.K  UIMIT  AT  MAKIMUM  NNKCD  (IBOO  NNM)  IN  AN  AMNICNT  OF  IM  OCaMCKS. 
MINIMUM  BFCKO  LIMITED  TO  1.  I  MFH  IN  LOW  OKAM  AT  AMBICNT  OF  IBT  OCaNKK*  «V  THANSMIAflION  OIL  TCMFKNATUNC, 

INCIFIENT  VAPON  LOCK  CNCOUNTCNCD  ON  FUEL  ADJUATKO  TO  B.  t  PAI  NVP  AT  IIS  OKOMCKA.  NATINO  INVALIOATCO  AT  LATCN  TCATA  (ACK 
LINE  IS>. 

AUMILIANV  aCNFMATOR  UNIT  OOCA  NOT  DEVELOP  NATEO  POWEN.  ANIFTINO  DIFFICULT.  OUAT  AND  AANO  CAUAE  ATtCKINA  OF  THNOTTLE 
LINKAAE.  HATINAA  INVALIDATED  AT  DEAION  CNANAEA. 

ONE  NOAO  WHEEL  ANM  FAILURE.  NATINO  OUEATIONEO  AECAUAE  FAILURE  WAA  AELIEVED  TO  AE  REAULT  OF  FAULTY  MATERIAL  NATMER  THAN 
ENVIRONMENTAL  ATREAA. 

RATINOA  invalidated;  CAAT  IRON  RINOA  REPLACED  WITH  CHROME  RINOA  IN  PRODUCTION  ITEM, 


DEFICIKMCtEA  OF  THE  INDUCTION  AVATKM.  AREATHER  AVATCM  ,  AND  FILLER  AND  DIPATICK  CAP  ALLOW  AUFFICIENT  OUAT  TO  AERIOUALV 
LOWER  ENOINE  OURAAILITV.  RATINOA  OUEATIONEO  AECAUAE  SBODIFICATION  IMPROVEMENTA. 

MAXIMUM  CYLINDER  HEAD  TEMPERATURE  ATAAILIXED  AT  SIS  DEOREEA  IN  lU  OEOREEA  AMAIENT  ON  CROA A-COUNTRV  COURAE. 

MAXIMUM  CVLINDER  HEAD  TEMPERATURE  ATAAILIECO  AT  SIS  OEOREEA  IN  110  OEOREEA  AMAIENT  ON  AANO  COURAE  AA  COMPARED  WITH  4M 
DEOREEA  AT  IM  DEOREEA  ON  DYNAMOMETER  COURAE. 

OCHROME -PLATED  OIL  CONTROL  RINOA  APPEAR  TO  INCREAAK  ENOINE  LIFE. 

COOLED  AATIAF  ACTORILY  AT  .TE  MPE  NATURE  OF  TEAT;  HOWEVER*  DATA  INDICATEA  THAT  CYLINDER  HEAD  AND  ENOINE  OIL  TEMPERATURE 
WILL  ALIOHYLY  EXCEED  APE  C  IF  1C  ATION  A  AT  IIS  DEOREEA. 

VAPOR  LOCK  EXPERIENCED  WITH  FUEL  ADJUATEO  TO  I  PAI  NVP  AT  IIS  DEOREEA.  INCIPIENT  LOCK  ENCOUNTERED  ON  FUEL  OF  B  PAI  RVP  AT 
IBA  DEOREEA.  (RKAULTA  ARK  REPOR  TCU  IN  TAS- 1401  /  IBB) .  RATINOA  INVALIDATCD  AY  LATER  TCATA  (ACC  LINE  IS). 

AHIFTINO  DIFFICULT*  HEAVY  PREAAURK  REOUIRED.  FREQUENT  CLEANINO  RCQUIRCO  TO  PREVENT  DUAT  AND  AANO  FROM  AINOINO  THROTTLE 
LINKAOE.  TRACK  WEAN  HIOH.  RATINOA  OUEATIONEO.  TEAT  ENOINECR  ATATCA  THAT  DEFICICNCtCA  NAVE  ASSN  AUAATANTI ALLY  IM¬ 
PROVED*  FXCEPT  FOR  TRACK  WEAR  ON  ATONY  OR  ROCKY  QROWND. 

ONE  AHOCK  AAAORACR  AND  ONE  04NERATOR  RELAY  FAILURE. 

COOLED  AATIAFACTORILY  AT  TEMPENATUHF  OF  Tl  AT.  DATA  INDICATEA  OIL  TEMPERATURE  WOULD  CKCECO  APEC  IF  ICATIONA  AT  IIS  OAARCCA 
AMAIENT. 

ENOINC  OIL  AMD  CYLINDER  HEAD  TE MPERATURk  A  ARF  AORDERLINE  UNDER  ROME  CONOITIONA  AT  AMAIENT  OF  TEAT  AMD  WOULD  CHCACD  TNC 
APECIFICATIONA  AT  IIS  DEOREEA  AMAIENT.  THE  AC  TEMPERATUREA  WERE  HIOHER  WITH  DOTH  EXPERIMENTAL  MUFFLERA  TBBAN  WITH 
THE  ATABIOARD  MUFFLER.  TRANAMIAAION  TEMPERATUREA  WERE  ALIOHTLV  RCOUCEO. 

RATINOA  INVALIDATFD  AECAUAE  EXPERIMENTAL  MUFFLERA  WERE  NOT  INCORPORATED  INTO  PRODUCTION  ITEM. 

FUEL  ADJUATFD  TO  EQUIVALENT  OF  B  PAI  RVP  AT  IIS  DEOREEA. 

TORCHINO  OF  ATANDARD  AND  EXPERIMENTAL  MUFFLERA  AT  HIOH  LEVEL.  FIRE  ATONE  MUFFLER  ALIQHTLY  QETTCR.  NOIAE  LEVEL  OF 
HOLLYWOCMI  TYPE  MUFFLF  R  WAA  HIOH. 

FRONT  RIOHT  AMO  LEFT  ROAOWHECL  ARM  DEAION  PERMIT  ROAOWHEEL  INTCRFCRENCE  WITH  THE  ROAD  ARM  AUPPORT  ARACKCTA  OF  THE 
WHEEL  REAULTINO  IN  NUMFROUA  AEARIMO  AND  REAL  FAILUREA. 

CONTROL  LINKAQE  ATICKAOE  lA  CONATANT  PROQLEM  IN  OUATY  CONOITIONA.  RATINOA  QUCATIOMED  AECAUAE  OF  DEAION  IMPROVEMENTA. 

OTA  ATATtA  PROALEM  ATILL  EKIATA  RUT  lA  OF  MINOR  MAQNITUDE. 

NUMCROUA  FAILURFA  OF  FRONT  ROAD  WMEELA  AND  THEIR  COMPONENTA. 

DUAT  ACCUMULATION  ON  MIBAI  PERIACOPE  UNITY  POWER  PRIAM  REOUIRFA  FREQUENT  CLEANINO.  TIME  REQUIRED  TO  EBIQAQC  A  ATATIONARY 
TAROE  T  DOFA  NOT  MEET  APEC  IFICATION  RFQUINKMENT  OF  S  AECOMOA  FOR  IB  MILA  ELEVATION  AMO  IS  AXIMUTH  LAY-OFF. 

THERMAL  CHANOEA  CAUAE  A  ME.  AAURAALE  ERROR  IN  THE  ALIONME-NT  OF  THE  TELEACOPC*  PERIACOPE*  AfO  RANQCFINOER  (TISBEI*  MtAAl* 

AND  T4BEI*  RE  APFCTI  VK  LY).  FLUID  OM-1-7SQ  C  MARIM:TF  Rl  A  TIC  A  AlIOHTLY  QETTCR  THAN  FLUID  MIL-A-SABB. 

COMPLETE  VAPOR  LOCK  WITHIN  7  MINUTER  OPERATION  AT  FULL  LOAD.  AY-PAAA  MODIFICATION  HAD  NO  APPARENT  EFFECT. 

DUAT  LEAKAOE  WAA  PREAENT  THROUOHOUT  THI  TEAT  FROM  THE  HOAE  CONNECTIONA  OF  THE  AIR  CLEANER  TO  CARQURETOR  DUCTA.  OUAT 
LEARAOE  AT  OTHER  LOCATIONA  WERF  DUE  TO  LOOAF  NUTA  AND  FITTINOA. 

THE  LOW  VIACOAITY  OF  THE  ENOINE  OIL  (Ol  SO)  WAA  THE  PRINCIPLE  FACTOR  OF  *«  ORE  ATER  THAN  NORMAL*  ENOINE  WEAR. 

"COMPARIAON  OF  THE  LOOLINO  CHARAC.  TE  Rl  ATIC  A  OF  THE.  VEHICLE  FQUIPPEO  WITH  THE  STANDARD  MUFFLER  ON  EQUIPPED  WITH  PAN  CAKE 
MUFFLERS  INDICATE  THE  ARRANOEMINTA  WIRE  BUR ATANTI ALLY  EQUAL.  DURING  TEAT  RUNS  WITH  EACH  TYPE  OF  MUFFLER*  THE 
CONRECTKU  ENOINE  AND  TRANAMIAAION  TFMPrRATURI  A  EXCrEDEO  CRITICAL  VALUES  FOR  THE  MAJORITY  OF  TEAT  RUNS.  * 

THE  CELLS*  AB  AUAMITTEO*  ARE  UNA  ATI  AF  AC  TORY .  LEANS  ARK  CAUAKD  QY  SOFT  RONDINO  AOFNTS*  LAYERS  OF  MATERIALS  NOT  SUFFICIENTLY 
ROMOr.O  TOOFTHKR*  AMD  INBUFF  tc.l  t.  NT  I  DOE  OIATANCF  FOR  FITTINOA  AT  LAPS  AND  EDOEA.  (SIMILAR  RESULTS  SHOWN  OURINO  DOTH 
TP  ATS.  )  RATING  INVALIDATED  SI  CAUSE  CPLtA  WERE  NOT  INCORPORATKD  INTO  PRODUCTION  ITEM. 
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EQUIPMENT  TESTED; 


CARRIEI^  LIGHT  WEAPONS,  INFANTRY.  1/2-TON,  4X4,  M274  (XM274) 


HKrr 

KKF. 


HWIT — 

WUMIEK 

|TB5.l40t/458 

(U) 


LOCATION  AND 
YIAEQETIST 


YUMA  TEST  STATION 
SUMMER,  1957,  1958 


EQUIEMENT  MODIFICATIONS  INCOEPOKATID 
_ INTO  TEST  ITEM _ 


ONC  PNCxPHODUCTION  VKHICCC  MODIflKO  TO  BC  NKABi.V  THK 
•AMc  AB  A  cunncMT  pBooucTiON  moocl;  OMC  NKOUI-AR 

PROUUCTIOM  VKHICUC, 


SUPEOtTINO  EQUIPMENT 
AND  9«  VTIMIW 


■00  UBB  FAVI.OAO 


LINE  ITEM  NO.:  409215 

TnxnsRi^^Rfsisssisr 

V«lilcU  will  cool  •■liBUclorily  vndur  moat  roaOload  and 
croa*  .cnuniry  condlliona  lo  dogrooi;  howovar,  durtni  opor 
dtion  tn  »o/i  oattd  or  •loop  kill,.  aiiflMi  oil  lomporaturoB  will 
excrieil  ■pocUlcalion  al  100  dagrooa,  l'ul|.|kratllo  coolini  kao 


[  STOCK  NO.:, 3,o-^.-«ao4  |tYPI  CLASSIFICATION:  STD-^  |  OTCM  8EFIEENCI;  »om~ 


ENVIRONMENTAL  FACTORS 


AICDEFGHIJKLMNOPQRSTUVWXYZ 


bcun  unaailataciory  in  all  laai  amSiaata  (9S-i04  dagraaal.  Vapor 
handitna  c  ha  radar  iai  tea  ara  aatlafadory  to  IdS  dagraaa.  Vahlula 
tvaii  laliaradory  mobility  ckaraclarlalica;  kowawar,  caalion  ntual 
be  takoii  during  dima  aand  (or  atmilar  larratn)  oparalloo  lu  pra- 
vetit  bead  altppagc  if  lha  lira,  kaaa  bran  daflalad  for  baltar  trac* 
lion,  Several  enduranca  falluraa,  nioaliy  minor,  have  ueciirred, 
but  cauee  le  uncertain.  APC  iialce  that  contractor  liae  iiiaile 
aid>atantial  mod  ifl  cal  lone  on  vehicle  to  correct  cooling  and 
enduranca  dafictenclae.  No  Information  avatUble  ae  to  leel  jier- 
fortnanca  with  modificallone. 
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I  N,0,P 


UNDCn  riil.l--TMWOTTl.K  CONOITICM4B.  THK  I.NOtNC  OVLNHk  ATCO  BirOAK  TC  MPOlllATUItC  •TABII.IXATION  OCCUBBCO  IN  AUk.  M«CVAtl.lN« 


2  N,0 

2  H  N,  O,  P.  U 

3  N,  O,  P 

4  H 

5  ALL 


THE  VCHICi.K  COOI,CO  BATIBPACTOftlUV  UNDri*  ALL  NOAO  LOAD  CONOITIONO. 

WHEN  ONAW  BAH  LOABINB  WAB  APBLICO  TO  BIMULATC  THE  EErCCT  or  A  OO  rENCCNT  BLOTE,  THE  TEMrENATUBE  OF  THE  ENOINC  OIL. 
WmiLE  OHERATINO  AT  1  MPH  IN  BCVEPBE.  WA'B  241  OrOPrEB  AT  AN  AMBIENT  AIR  TEMPERATURE  OF  00  OEBRCEB, 

FUEL  EQUIVALENT  TO  ■  PBI  RVP  AT  I2l  OEOHrt-B. 

VEHICLE  EKHIBITCD  EQUAL  OR  BETTER  MOBILITY  THAN  THE  E  BCORTINO  MJIAI  TRUCK.  A  •  PBI  TIRE  PRCBBURE  WAB  FOUNO  TO  PROVIDE 

THE  BEBT  PERFORMANCE.  BUT  WAB  1 0O  LOW  TO  AVOID  BEAD  BLIP,  WHICH  REBULTCD  IN  VALUE  STEM  BEPARATION  ON  THREE  TUBCB 
OURINQ  OPERATION  OVER  LEVEL  ARI  AB  WHERE  THt  BAND  WAB  MORE  COMPACTED. 

ENDURANCE  FAILUREB  WERE!  CARBURt  TOR  E  UOUOINO,  VALVE  BEAU  BEPARATION.  SCORED  CVLINOEN  WALLS,  QOVERNOR  MALFUNCTION, 
TIRE  CUTTINQ,  SPARK  PLUS  EOULINO  .STt  ERINO  OE  AR  EAILURE,  FAN  BELT  BTRETCHINQ.  RATIND  QUEBTIONEO  BECAUSE  OF 
UNCERTAINTY  AB  TO  CAUSE.  TE  bT  CNGINriR  E  I  ■  LB  THAT  LIAKINO  OF  BEALS  WAS  CAUSED  BY  OPERATION  IN  DUSTY  ENVIRONMENT. 


APB  STATES  THAT  CONTRACTOR  MAS  MAUI  SUBSTANTIAL  MOO  IF  IL  AT  IONS  ON  VEHICLE  TO  CORRECT  COOLINQ  AND  ENDURANCE  DEFICtCNCICB. 
MO  INFORMATION  AVAILABLE  AS  TO  TEST  PERFORMANCF  WITH  MODI F IL ATIONS. 
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EQUIPMENT  TESTED: 


TRUCK,  CARGOS  2  1/2-TON,  <X6,  M35  (XM3S) 


lUiZJ 


■■  I  -t-g  ^  i»]  7.  r_iF.i :  i  ^.\  g : 


(U)  SUMMCR*  1954 


Ettiv]  1 1 7.  14-^*-^  i  r»: :  ■ 


SUMMER.  I9S9 


TMTr.rrr-fi 


V«klcU  fcrlorma  MlUUdMlljr  Mt  All  UvaI,  firm  UrrAtM,  Damr^’ 
taig  t^AK  1m4  cAndilloM,  of^rAtlM  la  cwnblMliM  of  aaa4  Aa4  ila^AA  will 
TAAgA  from  margiNAl  l«  UMAllAfAcUfy,  riactloalng  Aa4  AadurAacA 
flurAGlArlaticA  Art  AAilRfACtAry  mi*T  all  AAvlronmAAiA,  C»ellRf  ckAtAclAr' 
Utict,  wtitU  unAAliafAClory  ta  amklAalt  A^mr*  100  ^AgrAAA  wiu  U#  AI4«aAril 
vAhicU  esm  h#  imfrova^  >o  la  U9  4a|rAAa  by  uAlag 

tlB>bU4A  fARA,  ar4  oil  cooUrA.  Voyor  hAR^lUg  charAcloriallcA  of  oobicio 
Avt  AAiiolACIory  1/  a  AUbmorgo^  olociric  fyol  io  Mtb,  Ocioao  ro^ra* 

moRlo  for  A  blgk  comyroAtloa  oogloo  IooIa^  la  tbo  vohtcio  U  IfbA  woro 
9t.  >  (hMock’ia,  baock>oul  molliobl  MUor  full  tood  coadliloa#,  (Thlo  vokiclo 
la  AAino  AO  M>4  truck  ohco|M  for  lira  mouallng,  Thia  vokicio  corrlaa  blOO 
■  JO  dual  llroaf  M14  vokiclo  tmauMt  1 1:00  u  JO  ■  lagU  ilroo, ) 


STOCK  NO.:  |TY«  CLASSIHCATION:  STD-A  OTCM  ilMMNCI:  211*1*1  *^“1 


ENVIRONMENTAL  FACTORS 


A9CDIFGHIJKLMNOPQRSTUVW 


V  W  X  Y  Z 


»s| 
^  i  i 
.a  M  s 


iPHipyni 


^ ^  2 
s  >  2 :  i 
3  s  5  *  ^ 

p  '*  «  >■  s* 

iiiU 


S  z  o 

ilisi 


inrai 


irTTi  n 


llTl  I”  T  '  ""r'  liii  "laJIimi 

inrai 

•nmi 


iilillllB 

_ 

innnBtinnBBBBBi 

innnBBBBBBBBBI 

inniinnnnBnrsifiBi 

innnniinfiBiinmBi 

BBBBBBBh^ii^BI 
BIBBBBBBEinnBI 
BBBBBBBnnnBI 
BBBBBBBnnffIBI 
BBBBBBBnnnBI 

BBBBBBB$^^^f^BI 
BBBBBBB^'^^^^BI 

I5S?^?SI 

innfsi 

innm 


BBBBBBBBBnnBI 

BBBBBDBBBBBBI 

BBBBBOnBBBBBI 


IBBBBBBBIlPir^l 

IBBBBBBBnf?!*^! 
IBBBBBBB^'^'^-^I 
nnnnnnnHnn^i 


<p 

i  IliHlI 


IBBBBBI 


inaanHB 


(OVER) 
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T1IUCK,  CAMM^  2  1/2-TON,  6X6.  MSS  (XMSS) 


NOTIS 


1 

H 

1 

J 

1 

K,L 

2 

H 

2 

J 

2 

K 

2 

L 

3 

H 

3 

J 

3 

K 

3 

L 

4 

H 

5 

UpX 

8,1 

7 

NpaPs 

• 

Np  O^P, 

9 

NpOtP 

10 

N 

II 

A 

11.12 

P 

13 

N 

13 

<XP 

14 

N 

14 

19 

N 

18 

O^P 

10 

N 

it 

aP 

17 

NpOtP 

II 

N 

10 

<3P 

19 

NpO^P 

21 

N.<XP 

22 

JpK.L 

23 

JpX 

24 

L 

22.23, 

24  J,  K,  L 

29p20ALL 

27 

H 

29 

N 

29 

N,0^P 

30 

N 

30 

OpP 

31 

N 

24  SI  ALL 


INVUrriOISIST  TIIIB  aiFLiBCTI^N  AT  •  F9I  TIM  FABMWIIB.  IMFBMINB  VALVB  BTSM  FAIkUMBBi  BVIMIMB  M  TIBB  BBAB  BLIPBAM*  MATIM 
INVA1.IBATBB  BT  LATBB  TBBTB.  (BBB  LIMB  U) 

MBOUIIIBB  It  PBI  TIBB  PBBBBUMB.  BATIMB  IMVALIBAT8B  BT  LATBB  TBBTB*  (BBB  LIMB  U) 

ntBBT  MBT  BBMBUBTBB  BBBAUBB  mw  BXBBBBIVB  TIMS  BBPLATIBM*  >  BATIMB  IMVAi-IBATBB  BT  LATBB  TBBTB*  <BBB  LIMB  ■) 

NBPBMATBB  WITM  BMBATBM  BirFIBULTT  TMAM  MM  BM  MIH.  «  MATIMB  IMVALIBATBB  BT  LATBB  TBBTB.  (BBB  LItIB  U) 

MBOUIBBB  II  FBI  TIBB  FBBBBUBB.  BATIMB  IMVALIBATBB  BT  LATBB  TBBTB*  (BBB  LIMB  U) 

BBBUIMBB  It  FBI  (FBBMT)  AMB  t  MB'  (MBAB)  TIBB  FBBBBUBB*  BATIMB  IMVAUBATBB  BV  LATBB  TBBTB.  CBU  UBB  Ml 
NTBBT  MBT  BBMBUBTBB  BBBAUBB  BF  BXBBBBIVB  TIBB  BBFLATIBB.  •  BATIMB  IMVBLIBATBB  BV  LATBB  TBBTB*  (BBB  LIMB  M| 

FBHFBMMANBB  IMFBNIBH  TB  mm.  BBVBMAL  MUMB  BBBtfIBBB  TB  MBBBTIATB  LAMB  BMABMAI.  BLBFBB. 

HBBUIHBB  14  FBI  TIBB  FMBBBUNB, 

HBBUIHBS  II  FBI  TIHB  FHBBtUBB. 

N  TBBT  MBT  BBMBUBTBB  BBBAUBB  OF  BXBBBBIVB  TIBB  BBFLATIBM.  • 
nTBAVBL  in  BAMB  BUMBB  U6MATIBFABTBHT.  « 

GBBLIMB  BIFFIOULTIBB  BXFBBIBMBBB. 

■XTMAFBIATIBM  BF  BATIMB  (I.B-N). 

BATA  IMBBMBLUBIVB-tMBIBATBB  VANIBUB  UMBATtSFABTMMT  BBBLINB  BBMBITIBMB.  MATIMB  IMVALIBATBB* 

M  BBBNBBB  BBBtAMT  BIFFBBBMTIAL  IMBBx;  MT  BBBMBB8  BMBIMB  BIL  TBMFBBATUMB  AT  ItT  BBBBBBB  AMBIBMT.  ALTITWB8  BF  4WI  FBBT.  BATIMB 
IMVALIBATBB  BT  LATBB  TBBTB.  (BBB  LIMB  IB) 

IHBIFIBMT  VAFBM  LBBH  BMBBUMTBMBB  UMBBB  BBVBMB  BFBBATIMB  BBMBITIBMB  UBIMB  FUBL  ABAIBTBB  TB  t  FBI  BVF  AT  IM  BBBMBBB* 

MB  VAFBM  LOCK  TKNDCNCIBB.  pump  UHBBLIABLI. 

BXBBBBIVB  FBBMT  TIMB  fVBAM.  AVBBABB  LIFB-LBFT  FBBMT  MM  MILBS;  MIBMT  FBBMT  MM  MILBB. 

BXTBAFBLATIBM  BF  MATIMBB  lip  IB^.  BATIB  BF  I!  I  UBBB* 

BBBLAMT  aim  BMBIMB  BIL  TBMFBMATWMBB  BMBBBB  ALLBWABLB  SIFFBMBMTIALB*  MAX  BMBIMB  OIL  TBMFBMATUMBB  WAB  Mi  BBBMBBB  IM  M  BMBMBBB 
AMBIBMT.  MATIMB  IMVALIBATBB  BV  LATBB  TBBTB*  (BBB  LIMB  M-«T) 

BXTBAFBLATIBM  BF  BATIMB  It-M*  BATIB  BF  i;  I  UBBB*  MATIMB  IMVALIBATBB  BV  LATBB  TBBTB*  (BBB  LIMB  M->«r) 

BAFFLBB  IMFBBVBB  BBBLIMB  BMANABTBBIBTieS  BMLV  BLIBMTLV.  BATIMBB  IMVALIBATBB  BV  LATBB  TBBTB*  (BBB  LIMSB  BF-BT) 

BXTBAFBLATIBM  BF  MATIMB  14-M,  BATIB  BF  I !  I  UBBB.  MATIMBB  IMVALIBATBB  BV  LATBB  TBBTB*  (BBB  LIMB  M-tT) 

IM  H-«  BBAN  AT  IMt  MFM  TN8  MAM  BMBIMB  BIL  BALLBMV  AMB  BBBLAMT  TBMFBMATUMBB  IBBMB  lit  BBBMBBB  AMB  Ml  BSBBBBBp  BBBFBBTIVBLV.  BIMSM 
BFBBATIMB  IM  AMBIBMT  BF  M-IW  BBBMBBB.  TUB  MAM  BMBIMB  BIL  BALLBMV  TBHFSMATWBB  BBABMBB  lit  BBBMBBB  IM  M^  BBABf  ItW  *FM  IM 
IB-BI  BBBMBBB  AMBIBMT.  MATIMB  IMVALIBATBB  BV  LATBB  TBBTB.  (BBB  LIMBB  at-BV) 

BXTBAFBLATIBM  BF  MATIMB  It-M.  BATIB  BF  It  I  UBBB.  MATIMBB  IMVALIBATBB  BV  LATBB  TBBTB.  (BBS  LIMBS  M>4V) 

TMB  WIMBM  BUMFBB  BAUBBB  AM  IMBBBABB  BF  BBBLAMT  TBMFBBATWMB  BF  I  BBBBBBB  AT  MM  BFM  BMBIMB  BF8BB  TB  W  BOBBSSB  AT  IMI  MFM  BMBIMB 
SFBBB.  MATIMBB  IMVALIBATmB  BV  LATBB  TBBTB.  (BBB  LIMB  M-IT) 

BXTBAFBLATIBM  BF  MATIMB  It-N*  MATIB  BF  I!  I  UBBB.  MATIMBB  IMVALIBATBB  BT  LATBB  TBSTB.  (BBS  LIMBB  M^f) 

BHBIMB  BIL  BALLBMV  TBMFBMATVMB  Mt  BBBHBBBp  TBAMBMIBBIBM  BIL  M  BBBBBBB  IM  AMMlSMT  T8MFBMATUHSB  BF  lll-IM  BBBBBBB. 

BMBIMB  MIL  TBMFBMATVMB  WBULB  BBMBM8  BMITIBAL  AT  NIMH  MFM,  LBW  BFBBB.  MAM  BMW  Mt  MBBMBBB  AT  t  MFMp  IBi  BBBMBBB  AMBIBMT 
TBMFBMATVMB* 


BKTMAFBLATIMM  BF  MATIMB  IL-H.  MATIB  BF  I!  I  UBBB. 

MBMUIMBB  M.a  BBTAMB  MBTBM  FUBL  (HMBBM-IHp  MMBBX-BUT  MMTMBB)  UMBBB  FULL  LMAMp  FULL 
BMBIHB  BTALLBB  AMB  BAMBUM8TBM  FLBBBSB  BH  FUBL  AMJUBTBB  TB  t  FBI  BVF  AT  IM  BSBMSBB* 
MBMBMMBMBB  II*  H  A*IB  I  FBI  TIHB  FMBBBUHB*  MS8FBBTIVBLT. 

HBOBMMBMBM  Ilk  It,  AMB  •  FBI  TIMB  FMBBBUHB*  BBSFBBTIVBLV, 

OMULB  MBT  MBBBTIATB.  ^ 


A  4  FBM  BBNT  BVBH-HUMMINB  MLUTBM  SIAM  MB  BFFBBT.  (TBBTBB  WITM  AMB  WITWBHT.  ) 

MB  8TATBMBMTB  IM  MBFBMTp  TM8HBFBMB  ABBUMBB  TB  BB  BATIBFABTBHT* 

nTMB  BIX-BLABSB  FAM  bib  BSBULT  IH  a  BBBLIMB  IMFHBVBMBHT  BVBH  TMB  FIVB-BLABBS  FAM.  TMB  BMBLAMT  MIFFBMBHTIAL  BMBSBBI 
BBBMBBB  BFBBIFIOATIMH  IH  L-l  BBAH  AT  FULL  TBMOUS  BMBIMB  BFBBB  (I4M  MFM)  AMB  TMB  BMBIHB  BIL  T8MFBBATVH8  ' 
BBHBBMLIHB  AT  MAXIMUM  MBMBBFBWBB  BMBIHB  BFBBB  (MM  MFM).  THAMBMIBBIBM  BIL  TBMFBMATVMB  IB  ABITIBAL  BVMIMB  BFI 
AT  MM  MFM  AIM  NIBMH.  TMB  TMAMBFBB  JMB  LUMMIGAMT  MAT  BBBBMB  BBITIBAL  AT  lit  BBBMBBB  AIMIBMT.N  THC  AVBAAOC 

OIFPCMKHTIAL  WAF  It*  OCaAKCB  P  IN  L-l  SCAM  AT  I4M  AFM. 

BAMB  AB  MATIMB  IT-H  TMB  BBBLAMT  BIFFBBBMTIAL  BXBBBBSB  BFBBIFMATIBMB  IM  ALL  TBBT  MVHB  WITM  TMB  BMBIMB  BBVBLBFIMB  MB 

BBVBMB  BUHBIHB  AMB  BAHBUH8TBH  FLBBMIIM  ATTHIBUVBB  TB  TMB  LBBATIBM  BF  1 
BXIMUBT  MAMIFBLBI  TBBTBB  WITM  FUBL  ABBMBTBM  VW  •  FBI  AT  IM  aBBT*'^ 

LIMB  BLIMIHATBB  TMBUBLB.  (BBB  LIMB  M| 

■  TMB  SNBINB  WOULD  MOT  FMOFBHLT  COOL  UMBBH  OBMBITIONB  BF  NIBM  AMBIBMT  T8MFCHATVMBB  MBOIFIBATIBIM  BMMB 
OOOLtNB  HTBTBMB  WSItCN  IMFMOVBD  TMB  VSKICLBS  BBBLIMB  BMAHABTSHIBTIBB;  HBWBVBH  TMSV  BTILL  BIO  MOT 


COOLANT 

XIMUM  TWMOUB. 


BMMB  TB  TMB  BMBINS  4 


BXTMAFOLATION  TO  TCMFSMATUHBB. 

•  TWO  BNBIMa  FAIMMBB  WBMB  BNBOUNTSBB8  IN  TMB  MMCI  TMIMN  AMB  BMB  BMBIHB  FAILUMB  OCCUMMBB  OURINB  TNS  FULL-TMNOTTLS,  FULL-LOAD 
BOOLINB  TS8T8  UBINO  *  FIBLB  BVNAMBMBTBM*  WMILB  BFBBATIHB  AT  MAXIBIUM  SMBtHB  BFBBB*  F 

MATIMBB  INVALIBATBa*  BM8IHBB  AND  TBAMBMIBBIBNB  WBMB  BBFBHIBMNTAL  N  AMB  B  ITBMS;  MAVS  NOT  BBBM  IMBBBFBMATBM  INTO  V8NIBL8B* 


EQUIPMENT  TESTED: 


CARRICR,  PCR80NNFU  FULL-TRACKED,  MIIS  CTII3K2) 


IffBUrni-'firrm'ri 


Tilt  VKHICLB  W/  Tilt  TMACK 


SUMMER,  I95S 


II,  Nt  LB  AMD  t4,  Mt  LB  BVW 


LOABBD  TO  14,  tM  BVW 


TlltBI  VBNIOLB.  MOBiriBB  TO  CLOBBLV  BBB8MBLB  TMB  Milt 


PBBPMOOOOTION  Milt  W/ THttO-tM  TRAMBMIBOIOM 


LINE  ITEM  NO.:  40B228 


i  M-:  rM:r-(i 


CMltat  •(  nllcto  U  •«Mr«Uy  MlialftcMrr  ••  1 19* 
•Kcapi  ihal  •■•Im  m4  4UfM««tUl  *11  mlgM  sv«rhMt  •IlfM^y 
•t  U,  lit*  Um^araluv*.  OcMm  llmll*  Art  IS-tt  (r«,Mrcli 
ifwllotl,  MotUlly  ch*rAci«rUtk«  war*  aacatIsM  *v*r  all 
t*at*4  daaari  larrslM,  Dwal  m4  kifk  lawifarMw*  aparMlaw 
haa  afUclad  ll*  Maariag  airil**'*.  Kataraaca  characlartallc* 
ara  f  ana  rally  aaiiafaclary;  lawaaar,  mla«r  aaataaalaa  falluraa 
war*  notad,  vibraliaa  wa*  atalad  a*  baiag  Ika  caaa*.  Vapor 
haitdllng  characiarlaiic*  war*  avaluaiad  on  aarly  Till  and 
TlllBI  vahlclaa;  Ihaaa  vahtclaa  war*  aallafaclory  In  ihl* 
raapaci, 


-iMi  ITYPE  CLASStnCATION:  8T0>A  |  QTCM  KIEEKINCtiSSKlSj  wSKi  _ 


ENVIRONMENTAL  FACTORS 


AICDEFGHIJKLMNOPQRSTUVWXYZ 


S^BBBBB!^^ 
S^I^SBBBBBBBBBBBBBBB 

IBB^^B 


.  ,P  Z  o 

s  is  ^  i  I 

?  ?  s  *  Si 


M  5  «  a  s  I 

«aW<Z<0  <3 

I  li  1 1 !  1 1 1 1 


????S?SB?55f5fS?S?SSiS?SSS?SI 

S^iBBBBBBBBBBBBnaEII 

BBBBBBBBBBBBBBPSni 


BB 

BB 

$SBBB 

^BBB 

B 

B 

BBBBBB 

BBBBBB 

B^'S 

BBBB 

B 

BBBBBB 

BB 

ii^i'SBB 

B 

BBBBBB 

BB 

?^$$BB 

B 

BBBBBB 

nnnnnrinBnnniiHnnnBni 


S!? 


(OVER) 


k 
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CARRIER,  PCRSONNKU  PULL-^TRACKEO  M1I3.(T1I3E2) 


1 

0,P 

3 

K*0 

4 

N.O,P 

5 

H 

5 

ALL 

• 

M 

6 

R 

7 

ALL 

8 

ALL 

1  TMRU 

8  ALL 

9,10 

N 

11 

N 

12 

N 

13 

ALL 

9  THRU 

13  ALL 

IS 

N,0 

If 

A 

If 

ALL 

14, 15,  If  ALL 

17 

P 

If 

o,P 

20 

o 

22 

l,R 

22 

N 

22 

OlP 

23 

A 

■  MINK  Oil.  BUiaHTUV  BKOVKOBe  BBBBBB*  W  RB«UIIIBM8MT  WMSN  BXTNAPOUkTBD  TO  III  DBMBBO  W  AMO  It!  OBOMBBO  F, 

"TNB  MAXIMUM  CMTAMB  NUMBBO  WAO  M*  I  AT  AM  BMOIMB  BFBBO  OF  NN  IIFM»f 

TBBTBD  WITM  FUBL  AOiUOTBO  TO  B  FBI  AT  IM  OBBBBBB  F*  "TNB  VSNIOkB  WAS  UMABLB  TO  BBUVBR  BUFFICIBMT  FU81.  TO  FBRMIT 
BATIBFACTORV  OFBRATION  AFTBB  BOAM  FBNIOOt  " 

NOFBRATIOM  IN  CAL.IFONNIA  BAMB  DUMBO  WAS  UMBUOGBBBFUU  AB  TNB  TBBT  VBNIGUBB  WBBB  FNBOUBNTLV  IMMOBIkIBBO.  • 

■  TMB  MOBIkITV  OF  TNB  CARNIBR  OOUiO  BB  IMFBOVBB  BT  AOBIMO  A  WIDBR  TXAON.  ■ 

AVBBABB  WATSn  BFBBO  IB  ■.  M  MFN. 

DUST  L.OADINO  OF  TMB  AIM  CUBAMBX  OUXINO  BOOT  OOUNOB  OFBBATIOM  OfO  MOT  AFFBOT  BMOIMB  FBBFOOMAMOB, 

MOOMFONBNT  IMFROVBMBMT  RBOUIHBD  FOR  BUOFBNBIOM,  NUU.,  AUB  BMOIMB*  • 

■  JOLTIMO  RIBB  OFF-ROAO,  HlOH  TBMFBRATURBB,  MOIBB  LBVBL,  ORAMFBB  B8ATIMO  OFABB*  ■ 

ALk  RATINOO  INVAklDATSO;  TBBT  ITBM  WAO  A  Till. 

MFRBklMIMARV  600UM0  TBBTB  IMBIOATBD  BATIBFACTOOT  BMOIMB  COOklMO*  ■ 

■  VAFOR  LOCK  TBBTB  RBVBALBD  NO  FUBk  IIAMBLIMO  FROOkBMO*  ■ 

MVBNiekB  DIB  MOT  MBBT  I  MFM  WATBR  OFBRATION  RBOUIRBMBMT*  «  (TMIB  RBOUIRBIBBMT  WAO  kATBR  RBOIMOBO*  ) 

*MOBILITV  CMAAABTBRIBTICB  ARB  BUFBRIOO  TO  MWF 
RATINOO  INVAklDATBO.  TBBT  VBNIOLB  WAO  A  TlIBBI* 

FUEL  ADiUBTBD  TO  T.  ■  FBI  AT  lit  DBORBBB  F. 

UNABLB  TO  ATTAIN  «t  MFM  BFSBD* 

UMABLB  TO  CLIMB  A  M-INGM  WALL  IN  XBVBRBB.  (RBOUIRBMBMT  MOT  KNOWN). 

RATINOO  INVALIBATBO.  RBFORT  RTATBB  "  TBBT  DATA.  ■  ■  DOBS  MOT  FULLY  RBFRBBBMT  TMB  AMTICIFATBO  BHVI  ROM  MENTAL  FBMFORMAMOB 
OF  TMB  Mill  OARRIBR.  ■ 

WM8M  BXTNAFOkATBO  TO  111  OBOMb  BB  F,  TRANOMIBOION  OIL  TBMFBHATVRB  WOULB  BLIONTLT  BXOBBB  AkLOWAOLB  (t  DBORBBB  F). 

"ALTMOUOM  ALL  OOMFOtWITB  COOLBO  BATIBFAeTORILV  IM  AM  AMBIBNT  TBMFBRATVRB  OF  ft  OBOMBBO  F>  BXTMAFOLATIOM  TO  111  BBORBBB  F 
INOICATBB  FOOBIBLB  OVBRMBATIMO  OF  BMOIMB  AMO  OlFFBRBMTIAk  OILS.  RATINO  OUBBTIOMBO:  FULL  UBAO  BOOkINB  TROTS  OlO  NOT 
INOICATB  THIS  FROOkBM. 

MAXIMUM  OCTAMB  RBOUIRBMBMT  WAR  IB  fROORAAOIQ  AT  ttW  -HBB  RFM.  TMB  MINIMUM  RBOUIOBMBMT  WAO  M  (OOOBAOOM)  AT  BMB  RFM* 

A  NOTICBAOLB  OINOINO  OF  TMB  LBFT  BTBBR  LATERAL  AMO  TMB  HORIBOMTAL  AMO  VOMTIOAk  BEAT  MOVBMOMT  WAO  OOBBMVBB  AT  TMB 
eOMFLBTIOM  OF  OUBT  OFBRATION. 

TMB  FIVOT  BTBBR  BRAMBB  BBOAMB  BBLF-AFFklBO  BBVBRAk  TIMBB  OUHIMO  FULL  LOAB  TBBTIMO.  TBMOBRATIMIB  IMOOBAOB  WAO  OIVBM 
AS  TMB  CAUBB. 

OXTOAFOkATI  OM  OF  RATINO  t-N. 

VIONATIOM  FAIkUOSO  OM  FAVBO  BUOFAOBO*  IMOkWOBO  BKRB;  RIOMT  FOOWT  TOAOM  BIIOOMB-TO*I 
BTOFa  BMOIMB  OOOUMO  OTOF. 


FMOMT  OUMFBO 


APPENDIX  E 


STATION  TEMPERATURE  CALCULATIONS 


DETERMINATION  OF  METHOD  OF  ESTIMATING 
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APPENDIX  F 


DISPOSITION  FORM,  EXPLANATION  AND  AUTHORIZATION 
FOR  THE  PROJECT,  OFFICE  OF  THE  CHIEF. 
RESEARCH  &  DEVELOPMENT, 

DEPARTMENT  OF  THE  ARMY 


SUBJECT;  Compilation  of  Map  Overlays  Showing  Performance  of  Selected 
ORD  Equipment  Items  Previously  Listed  at  Environmental  Test 
Test  Stations 

TO:  Chief  of  Ordnance  FROM:  C/R&tD  DATE:  6  April  61  COMMENT  No.  1 

1.  Since  1950  the  Ordnance  Corps  has  continuously  recorded  the 
results  of  its  environmental  test  program  using  the  ENVANAL  techniques 
proposed  by  the  Army  Committee  on  Environment  (ACE).  It  is  anticipated 
that  an  Army- wide  system  for  predicting  equipment  and  materiel  perform¬ 
ance  in  the  several  military  -  geographic  world  regions  will  be  adopted.  The 
present  testing  procedures  have  never  provided  a  means  of  making  a  cross- 
correlation  of  the  results  of  equipment  performance  undergoing  environ¬ 
mental  test  with  environmental  data  collected,  evaluated  and  synthesized  by 
ACSI  on  a  world-wide  basis  In  order  to  obviate  this  shortcoming  OCRD, 
with  ACSI's  concurrence,  assigned  the  Chief  of  Engineers  and  the  Quarter¬ 
master  Corps  several  projects  which  are  designed  to  develop  a  ’’bridging 
system”  which  could  be  used  in  relating  the  results  of  the  Technical 
Services  end  item  environmental  test  to  actual  world- wide  military- 
geographic  regions  delineated  by  ACSI. 

I  Under  the  above  assignment  of  responsibilities,  the  Corps  of 
Engineers  was  directed  to  assume  responsibility  for  preparation  of  terrain 
analogs,  showing  the  physiography,  soil,  drainage,  and  vegetation  condi¬ 
tions  as  they  exist  at  Yuma  and  comparing  these  individual  environmental 
factors,  as  well  as  the  complex  of  environmental  characteristics,  as  they 
would  be  found  in  the  other  hot  and  regions  of  the  world.  The  Quarter¬ 
master  Corps  was  assigned  responsibility  for  the  production  of  analog 
studies  of  the  Yuma  chmatic  conditions  with  these  climatic  conditions 
found  in  other  hot  and  regions  of  the  world  Similar  studies  are  being 
prepared  by  the  Ci^rps  nf  Engineers  and  the  Quartermaster  Corps  for 
Ft  Sherman  «humid  tropics),  Fort  Greely  (cold-wet),  Fort  Churchill  (Arctic), 
and  Tuto-Camp  Centur *;  (Polar) 

3  Tt  is  assumed  that  if  an  end  item  gave  satisfactory  perform¬ 
ance  during  all  seasons  ot  the  year,  in  any  or  all  environmental  complexes 
found  at  one  or  more  ot  the  test  sites  listed  in  paragraph  2.  above,  satis¬ 
factory  performance  in  comparable  world  military  geographic  regions 
could  be  predicted  with  assurance 

4  Since  Ordnance  Corps  has  been  the  leader  in  the  utilization 
of  the  ENVANAL  techniques  for  evaluating  environmental  test  results,  it 
is  requested  that  you  provide  this  office  with  a  series  of  map  overlays  of 
Yuma  and  other  environmental  test  stations  for  which  data  are  available 
to  show  the  perJ\>rmance  rating  of  a  few  selected,  environmentally  sensi¬ 
tive  Ordnance  itcuns  essential  to  combit  which  have  reasonably  complete 
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test  histories.  The  format  envisioned  would  be  simply  a  tracing  paper 
overlay  covering  the  test  station  area  represented  by  the  testing  condition 
rated  in  the  test  history.  The  portion  of  the  station  map  representing  an 
appreciable  change  in  environmental  conditions,  but  in  which  no  tests  were 
actually  made,  will  be  left  blank  indicating  uncertainty.  The  zone  or  sub¬ 
zones  v'Mch  are  applicable  will  be  assigned  an  appropriate  number  or 
symbol  to  indicate  the  rated  performance  of  the  item. 

BY  DIRECTION  OF  THE  CHIEF  OF  RESEARCH  AND  DEVELOPMENT: 

s/ 

WILLIAM  W.  BEVERLEY 

Colonel,  GS 

Asst  Dir  of  Army  Research 
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